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Introduction 


About the Series 

Welcome to How Products Are Made: An Illustrated Guide to Product Manufactur¬ 
ing. This series provides detailed yet accessible information on the manufacture of a 
variety of items, from everyday household products to heavy machinery to sophisti¬ 
cated electronic equipment. With step-by-step descriptions of processes, simple 
explanations of technical terms and concepts, and clear, easy-to-follow illustrations, 
the series will be useful to a wide audience. 

In each volume of How Products Are Made, you will find products from a broad range 
of manufacturing areas: food, clothing, electronics, transportation, machinery, instru¬ 
ments, sporting goods, and more. Some are intermediate goods sold to manufacturers 
of other products, while others are retail goods sold directly to consumers. You will 
find products made from a variety of materials, and you will even find products such 
as precious metals and minerals that are not “made” so much as they are extracted and 
refined. 


Organization 

Every volume in the series is comprised of many individual entries, each covering a 
single product; Volume 1 includes more than 100 entries, arranged alphabetically. 
Although each entry focuses on the product’s manufacturing process, it also provides 
a wealth of other information: who invented the product or how it has developed, how 
it works, what materials it is made of, how it is designed, quality control procedures 
used, byproducts generated during its manufacture, future applications, and books and 
periodical articles containing more information. 

To make it easier for users to find what they are looking for, the entries are broken up 
into standard sections. Among the sections you will find are: 

• Background 

• History 

• Raw Materials 

• Design 



• The Manufacturing Process 

• Quality Control 

• Byproducts 

• The Future 

• Where To Learn More 

The illustrations accompanying each entry provide you with a better sense of how the 
manufacturing process actually works. Uncomplicated and easy to understand, these 
illustrations generally follow the step-by-step description of the manufacturing 
process found in the text. 

Bold-faced items in the text refer the reader to other entries in this volume. 

Volume 1 also contains an added bonus: approximately ten percent of the entries include 
special boxed sections. Written by William S. Pretzer, a manufacturing historian and 
curator at the Henry Ford Museum, these sections describe interesting historical devel¬ 
opments related to a product. 

Finally, Volume 1 contains a general subject index with important terms, processes, 
materials, and people. Here as in the text, bold-faced items refer the reader to main 
entries on the subject. 


Contributors/Advisors 

The entries in Volume 1 were written by a skilled team of technical writers and engi¬ 
neers, often in cooperation with manufacturers and industry associations. 

In addition, a group of advisors assisted in the formulation of the series and of Volume 
1 in particular. They are: 

Marshall Galpem 

Staff Engineer 

General Motors Corporation 

Dr. Michael J. Kelly 
Director 

Manufacturing Research Center 
Georgia Institute of Technology 

Jeanette Mueller-Alexander 
Reference Librarian/Business Subject Specialist 
Hayden Library 
Arizona State University 

Dr. William S. Pretzer 
Curator 

Henry Ford Museum & Greenfield Village 



Diane A. Richmond 
Head 

Science and Technology Information Center 
Chicago Public Library 


Suggestions 

Your questions, comments, and suggestions are welcome. Please send all such corre¬ 
spondence to: 

The Editor 

How Products Are Made 
Gale Research Inc. 

835 Penobscot Building 
Detroit, MI 48226 
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Air Bag 


Background 

An air bag is an inflatable cushion designed 
to protect automobile occupants from serious 
injury in the case of a collision. The air bag is 
part of an inflatable restraint system, also 
known as an air cushion restraint system 
(ACRS) or an air bag supplemental restraint 
system (SRS), because the air bag is designed 
to supplement the protection offered by seat 
belts. Seat belts are still needed to hold the 
occupant securely in place, especially in side 
impacts, rear impacts, and rollovers. Upon 
detecting a collision, air bags inflate instantly 
to cushion the exposed occupant with a big 
gas-filled pillow. 

A typical air bag system consists of an air 
bag module (containing an inflator or gas 
generator and an air bag), crash sensors, a 
diagnostic monitoring unit, a steering wheel 
connecting coil, and an indicator lamp. These 
components are all interconnected by a 
wiring harness and powered by the vehicle’s 
battery. Air bag systems hold a reserve 
charge after the ignition has been turned off 
or after the battery has been disconnected. 
Depending on the model, the backup power 
supply lasts between one second and ten 
minutes. Since components vital to the sys¬ 
tem’s operation might sit dormant for years, 
the air bag circuitry performs an internal 
“self-test” during each startup, usually indi¬ 
cated by a light on the instrument panel that 
glows briefly at each startup. 

The crash sensors are designed to prevent the 
air bag from inflating when the car goes over 
a bump or a pothole, or in the case of a minor 
collision. The inflator fits into a module con¬ 
sisting of a woven nylon bag and a break¬ 
away plastic horn pad cover. The module, in 


turn, fits into the steering wheel for driver’s- 
side applications and above the glove com¬ 
partment for front passenger applications. 

In a frontal collision equivalent to hitting a 
solid barrier at nine miles per hour (14.48 
kilometers per hour), the crash sensors 
located in the front of the car detect the sud¬ 
den deceleration and send an electrical signal 
activating an initiator (sometimes called an 
igniter or squib). Like a light bulb, an initia¬ 
tor contains a thin wire that heats up and pen¬ 
etrates the propellant chamber. This causes 
the solid chemical propellant, principally 
sodium azide, sealed inside the inflator to 
undergo a rapid chemical reaction (com¬ 
monly referred to as a pyrotechnic chain). 
This controlled reaction produces harmless 
nitrogen gas that fills the air bag. During 
deployment the expanding nitrogen gas 
undergoes a process that reduces the temper¬ 
ature and removes most of the combustion 
residue or ash. 

The expanding nitrogen gas inflates the nylon 
bag in less than one-twentieth (1/20) of a sec¬ 
ond, splitting open its plastic module cover 
and inflating in front of the occupant. As the 
occupant contacts the bag, the nitrogen gas is 
vented through openings in the back of the 
bag. The bag is fully inflated for only one- 
tenth (1/10) of a second and is nearly deflated 
by three-tenths (3/10) of a second after 
impact. Talcum powder or corn starch is 
used to line the inside of the air bag and is 
released from the air bag as it is opened. 

History 

The air bag traces its origin to air-filled blad¬ 
ders outlined as early as 1941 and first 
patented in the 1950s. Early air bag systems 


The expanding gas inflates 
the bag in less than one- 
twentieth of a second, 
splitting open its plastic 
cover and inflating in front 
of the occupant. The bag 
is fully inflated for only 
one-tenth of a second and 
is nearly deflated by three- 
tenths of a second after 
impact. 
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A typical driver's-side air bag fits 
neatly on the steering wheel col¬ 
umn. In case of a collision, the crash 
sensor sends an electric spark to the 
inflator canister, setting off a chemi¬ 
cal reaction that produces nitrogen 
gas. The gas expands, inflating the 
air bag and protecting the driver. 



were large and bulky, primarily using tanks of 
compressed or heated air, compressed nitro¬ 
gen gas (N 2 ), freon, or carbon dioxide (CO 2 ). 
Some of the early systems created hazardous 
byproducts. One particular system used gun¬ 
powder to heat up freon gas, producing phos¬ 
gene gas (COCh)—an extremely poisonous 
gas. 

One of the first patents for automobile air 
bags was awarded to industrial engineer John 
Hetrick on August 18, 1953. Conceived by 
Hetrick after a near accident in 1952, the 
design called for a tank of compressed air 
under the hood and inflatable bags on the 
steering wheel, in the middle of the dash¬ 
board, and in the glove compartment to pro¬ 
tect front seat occupants, and on the back of 
the front seat to protect rear seat passengers. 
The force of a collision would propel a slid¬ 
ing weight forward to send air into the bags. 
Many other inventors and researchers fol¬ 
lowed suit, all exploring slightly different 
designs, so that the exact technical trail from 


the early designs to the present system is 
impossible to note with certainty. 

In 1968, John Pietz, a chemist for Talley 
Defense Systems, pioneered a solid propel¬ 
lant using sodium azide (NaN3) and a metal¬ 
lic oxide. This was the first nitrogen¬ 
generating solid propellant, and it soon 
replaced the older, bulkier systems. Sodium 
azide in its solid state is toxic if ingested in 
large doses, but in automotive applications is 
carefully sealed inside a steel or aluminum 
container within the air bag system. 

Since the 1960s, air bag-equipped cars in 
controlled tests and everyday use have 
demonstrated the effectiveness and reliabil¬ 
ity. The Insurance Institute For Highway 
Safety conducted a study of the federal gov¬ 
ernment’s Fatal Accident Reporting System 
using data from 1985 to 1991, and concluded 
that driver fatalities in frontal collisions were 
lowered by 28 percent in automobiles 
equipped with air bags. According to 
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another study conducted in 1989 by General 
Motors, the combination of lap/shoulder 
safety belts and air bags in frontal collisions 
reduced driver fatalities by 46 percent and 
front passenger fatalities by 43 percent. 

In response to consumers’ increased safety 
concerns and insurance industry pressure, the 
federal government has forced automobile 
manufacturers to upgrade their safety fea¬ 
tures. First, Department of Transportation 
(DOT) regulations require all cars, beginning 
with model year 1990, sold in the United 
States to be equipped with a passive restraint 
system. (Passive restraint systems—requir¬ 
ing no activation by the occupant—involve 
the use of automatic seat belts and/or the use 
of air bags.) If car manufacturers choose an 
air bag, then regulations require only a dri¬ 
ver’s-side system until model year 1994, 
when air bag-equipped cars must include 
passive protection on the passenger’s side as 
well. A 1991 law requires driver and passen¬ 
ger air bags in all cars by the 1998 model 
year and in light trucks and vans by 1999. 

Raw Materials 

As stated above, an air bag system consists of 
an air bag module, crash sensors, a diagnos¬ 
tic monitoring unit, a steering wheel connect¬ 


ing coil, and an indicator lamp. Both this sec¬ 
tion and the next (“The Manufacturing 
Process”) will focus on the air bag module 
itself. 

An air bag module has three main parts: the 
air bag, the inflator, and the propellant. The 
air bag is sewn from a woven nylon fabric 
and can come in different shapes and sizes 
depending on specific vehicle requirements. 
The driver’s-side air bag material is manu¬ 
factured with a heat shield coating to protect 
the fabric from scorching, especially near the 
inflator assembly, during deployment. 
Talcum powder or com starch is also used to 
coat the air bag; either substance prevents the 
fabric from sticking together and makes it 
easier to assemble. Newer silicone and ure¬ 
thane coated air bag materials require little or 
no heat shield coating, although talcum pow¬ 
der or com starch will probably still be used 
as a processing aid. 

The inflator canister or body is made from 
either stamped stainless steel or cast alu¬ 
minum. Inside the inflator canister is a filter 
assembly consisting of a stainless steel wire 
mesh with ceramic material sandwiched in 
between. When the inflator is assembled, the 
filter assembly is surrounded by metal foil to 
maintain a seal that prevents propellant cont¬ 
amination. 


Preparation of the propellant, the first 
step in air bag manufacture, involves 
combining sodium azide and an oxi¬ 
dizer. The propellant is then com¬ 
bined with the melal initiator canister 
and various fillers to form the inflator 
assembly. 
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The propellant, in the form of black pellets, 
is primarily sodium azide combined with an 
oxidizer and is typically located inside the 
inflator canister between the filter assembly 
and the initiator. 


stainless steel wire mesh with ceramic mater¬ 
ial inside—and initiator (or igniter) are 
received from outside vendors and inspected. 
The components are then assembled on a 
highly automated production line. 


The Manufacturing 
Process 

Air bag production involves three different 
separate assemblies that combine to form the 
finished end product, the air bag module. 
The propellant must be manufactured, the 
inflator components must be assembled, and 
the air bag must be cut and sewn. Some 
manufacturers buy already-made compo¬ 
nents, such as air bags or initiators, and then 
just assemble the complete air bag module. 
The following description of the manufactur¬ 
ing process is for driver-side air bag module 
assembly. Passenger-side air bag module 
assemblies are produced slightly differently. 

Propellant 

I The propellant consists of sodium azide 
mixed together with an oxidizer, a sub¬ 
stance that helps the sodium azide to bum 
when ignited. The sodium azide is received 
from outside vendors and inspected to make 
sure it conforms to requirements. After 
inspection it is placed in a safe storage place 
until needed. At the same time, the oxidizer 
is received from outside vendors, inspected, 
and stored. Different manufacturers use dif¬ 
ferent oxidizers. 

2 From storage, the sodium azide and the 
oxidizer are then carefully blended under 
sophisticated computerized process control. 
Because of the possibility of explosions, the 
powder processing takes place in isolated 
bunkers. In the event safety sensors detect a 
spark, high speed deluge systems will douse 
whole rooms with water. Production occurs 
in several redundant smaller facilities so that 
if an accident does occur, production will not 
be shut down, only decreased. 

3 After blending, the propellant mixture is 
sent to storage. Presses are then used to 
compress the propellant mixture into disk or 
pellet form. 

Inflator assembly 

The inflator components, such as the 
metal canister, the filter assembly— 


The inflator sub-assembly is combined 
with the propellant and an initiator to 
form the inflator assembly. Laser welding 
(using CO 2 gas) is used to join stainless steel 
inflator sub-assemblies, while friction iner¬ 
tial welding is used to join aluminum inflator 
sub-assemblies. Laser welding entails using 
laser beams to weld the assemblies together, 
while friction inertial welding involves rub¬ 
bing two metals together until the surfaces 
become hot enough to join together. 

6 The inflator assembly is then tested and 
sent to storage until needed. 

Air bag 

7 The woven nylon air bag fabric is re¬ 
ceived from outside vendors and in¬ 
spected for any material defects. The air bag 
fabric is then die cut to the proper shapes and 
sewn, internally and externally, to properly 
join the two sides. After the air bag is sewn, 
it is inflated and checked for any seam 
imperfections. 

Final assembly of air bag module 

8 The air bag assembly is then mounted to 
the tested inflator assembly. Next, the air 
bag is folded, and the breakaway plastic horn 
pad cover is installed. Finally, the completed 
module assembly is inspected and tested. 

9 The module assemblies are packaged in 
boxes for shipment and then sent to cus¬ 
tomers. 


Other components 

The remaining components of the air 
bag system—the crash sensors, the 
diagnostic monitoring unit, the steering 
wheel connecting coil, and the indicator 
lamp—are combined with the air bag module 
during vehicle assembly. All the components 
are connected and communicate through a 
wiring harness. 
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Quality Control 

The quality control aspect of air bag produc¬ 
tion is, obviously, very important because 
many lives depend on the safety feature. 
Two major areas where quality control is 
critical are the pyrotechnic or propellant tests 
and the air bag and inflator static and 
dynamic tests. 

Propellants, before being inserted into infla- 
tors, are first subjected to ballistic tests to pre¬ 
dict their behavior. A representative sample 
of inflators are pulled from the production 
line and tested for proper operation by a full- 
scale inflator test, which measures pressure— 
created by the generated gas inside a large 
tank 15.84 or 79.20 gallons (60 or 300 
liters)—versus time in milliseconds. This 
gives an indication of the inflator system’s 


ability to produce an amount of gas at a given 
rate, ensuring proper air bag inflation. The air 
bags themselves are inspected for fabric and 
seam imperfections and then tested for leaks. 

Automated inspections are made at every 
stage of the production process line to iden¬ 
tify mistakes. One air bag manufacturer uses 
radiography (x-rays) to compare the com¬ 
pleted inflator against a master configuration 
stored in the computer. Any inflator without 
the proper configuration is rejected. 

The Future 

The future for air bags looks extremely 
promising because there are many different 
applications possible, ranging from aircraft 
seating to motorcycle helmets. The air bags 
of the future will be more economical to pro¬ 


file air bag parts are die-cut out of 
woven nylon, sewn together, and 
riveted. The bag is then carefully 
folded so that it will fit inside the 
plastic module cover. 
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Crash sensors can be located in sev¬ 
eral spots on the front of the automo¬ 
bile. These sensors are connected to 
the air bag module with a wiring har¬ 
ness. Two other key components of 
an air bag system are the diagnostic 
module and the indicator lamp. The 
diagnostic module performs a system 
lest each time the car is started, briefly 
lighting up the indicator lamp 
mounted on the dashboard. 



duce and lighter in weight; will involve 
smaller, more integrated systems; and will 
use improved sensors. 

Side-impact air bags are another possibility 
that would work similar to driver- and pas¬ 
senger-side air bags. Side-impact air bags 
will most likely be mounted in the car door 
panels and deployed towards the window 
during impact to protect the head. Foam 
padding around the door structure would also 
be used to cushion the upper body in a side 
impact. Head and/or knee bolsters (energy 
absorbing pads) to complement the air bag 
system are also being investigated. Rear-seat 
air bags are also being tested but consumer 
demand is not expected to be high. 

Aftermarket air bag systems—generic sys¬ 
tems that can be installed on any vehicle 
already built—are not currently available. 
Since the effectiveness of an air bag depends 
on its sensors recognizing if a crash is severe 
enough to trigger deployment, a system must 
be precisely tuned to the way a specific car 
model behaves in a crash. Still, companies 
are exploring the future possibility of pro¬ 
ducing a modified air bag system for retrofit. 

A hybrid inflator is currently being tested 
that uses a combination of pressurized inert 
gas (argon) and heat from a propellant to sig¬ 
nificantly expand the gas’s volume. These 
systems would have a cost advantage, since 
less propellant could be used. Air bag manu¬ 
facturers are also developing systems that 
would eliminate the sodium azide propellant, 
which is toxic in its undeployed form. Work 


is also underway to improve the coatings that 
preserve the air bag and facilitate its opening. 
Eventually the bags may not need coatings at 
all. 

In the future, more sophisticated sensors 
called “smart” sensors will be used to tailor 
the deployment of the air bag to certain con¬ 
ditions. These sensors could be used to sense 
the size and weight of the occupant, whether 
the occupant is present (especially in the case 
of passenger-side air bags where deployment 
may be unnecessary if there are no passen¬ 
gers), and the proximity of the driver to the 
steering wheel (a driver slumped over the 
steering wheel could be seriously injured by 
an air bag deployment). 


Where To Learn More 

Periodicals 

Chaikin, Don. “How It Works—Airbags,” 
Popular Mechanics. June, 1991, p. 81. 

Frantom, Richard L. “Buckling Down on 
Passenger Safety,” Design News. October 2, 
1989, pp. 116-118. 

Gottschalk, Mark A. “Micromachined 
Airbag Sensor Tests Itself,” Design News. 
October 5, 1992, p. 26. 

Grable, Ron. “Airbags: In Your Face, By 
Design,” Motor Trend. January, 1992, pp. 
90-91. 
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Haayen, Richard J. “The Airtight Case for Air 
Bags,” Saturday Evening Post. November, 
1986. 

Reed, Donald. “Father of the Air Bag,” 
Automotive Engineering. February, 1991, p. 
67. 


Sherman, Don. “It’s in the Bag,” Popular 
Science. October, 1992, pp. 58-63. 

Spencer, Peter L. “The Trouble with Air 
Bags,” Consumers’ Research. January, 1991, 
pp. 10-13. 


— Glenn G. Whiteside 
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The preference for 
aluminum in flexible 
packaging has become a 
global phenomenon. In 
Japan, aluminum foil is 
used as the barrier 
component in flexible 
cans. In Europe, 
aluminum flexible 
packaging dominates the 
market for pharmaceutical 
blister packages and 
candy wrappers. 


Background 

Aluminum foil is made from an aluminum 
alloy which contains between 92 and 99 per¬ 
cent aluminum. Usually between 0.00017 
and 0.0059 inches thick, foil is produced in 
many widths and strengths for literally hun¬ 
dreds of applications. It is used to manufac¬ 
ture thermal insulation for the construction 
industry, fin stock for air conditioners, elec¬ 
trical coils for transformers, capacitors for 
radios and televisions, insulation for storage 
tanks, decorative products, and containers 
and packaging. The popularity of aluminum 
foil for so many applications is due to several 
major advantages, one of the foremost being 
that the raw materials necessary for its manu¬ 
facture are plentiful. Aluminum foil is inex¬ 
pensive, durable, non-toxic, and grease¬ 
proof. In addition, it resists chemical attack 
and provides excellent electrical and non¬ 
magnetic shielding. 

Shipments (in 1991) of aluminum foil totaled 
913 million pounds, with packaging repre¬ 
senting seventy-five percent of the aluminum 
foil market. Aluminum foil’s popularity as a 
packaging material is due to its excellent 
impermeability to water vapor and gases. It 
also extends shelf life, uses less storage 
space, and generates less waste than many 
other packaging materials. The preference 
for aluminum in flexible packaging has con¬ 
sequently become a global phenomenon. In 
Japan, aluminum foil is used as the barrier 
component in flexible cans. In Europe, alu¬ 
minum flexible packaging dominates the 
market for pharmaceutical blister packages 
and candy wrappers. The aseptic drink box, 
which uses a thin layer of aluminum foil as a 
barrier against oxygen, light, and odor, is 
also quite popular around the world. 


Aluminum is the most recently discovered of 
the metals that modem industry utilizes in 
large amounts. Known as “alumina,” alu¬ 
minum compounds were used to prepare med¬ 
icines in ancient Egypt and to set cloth dyes 
during the Middle Ages. By the early eigh¬ 
teenth century, scientists suspected that these 
compounds contained a metal, and, in 1807, 
the English chemist Sir Humphry Davy 
attempted to isolate it. Although his efforts 
failed, Davy confirmed that alumina had a 
metallic base, which he initially called “alu- 
mium.” Davy later changed this to “alu¬ 
minum,” and, while scientists in many 
countries spell the term “aluminium,” most 
Americans use Davy’s revised spelling. In 
1825, a Danish chemist named Hans Christian 
0rsted successfully isolated aluminum, and, 
twenty years later, a German physicist named 
Friedrich Wohler was able to create larger 
particles of the metal; however, Wohler’s par¬ 
ticles were still only the size of pinheads. In 
1854 Henri Sainte-Claire Deville, a French 
scientist, refined Wohler’s method enough to 
create aluminum lumps as large as marbles. 
Deville’s process provided a foundation for 
the modem aluminum industry, and the first 
aluminum bars made were displayed in 1855 
at the Paris Exposition. 

At this point the high cost of isolating the 
newly discovered metal limited its industrial 
uses. However, in 1866 two scientists work¬ 
ing separately in the United States and France 
concurrently developed what became known 
as the Hall-Heroult method of separating alu¬ 
mina from oxygen by applying an electrical 
current. While both Charles Hall and Paul- 
Louis-Toussaint Heroult patented their dis¬ 
coveries, in America and France respectively. 
Hall was the first to recognize the financial 
potential of his purification process. In 1888 
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he and several partners founded the Pitts¬ 
burgh Reduction Company, which produced 
the first aluminum ingots that year. Using 
hydroelectricity to power a large new conver¬ 
sion plant near Niagara Falls and supplying 
the burgeoning industrial demand for alu¬ 
minum, Hall’s company—renamed the 
Aluminum Company of America (Alcoa) in 
1907—thrived. Heroult later established the 
Aluminium-Industrie-Aktien-Gesellschaft in 
Switzerland. Encouraged by the increasing 
demand for aluminum during World Wars I 
and II, most other industrialized nations 
began to produce their own aluminum. In 
1903, France became the first country to pro¬ 
duce foil from purified aluminum. The 
United States followed suit a decade later, its 
first use of the new product being leg bands to 
identify racing pigeons. Aluminum foil was 
soon used for containers and packaging, and 
World War II accelerated this trend, estab¬ 
lishing aluminum foil as a major packaging 
material. Until World War II, Alcoa 
remained the sole American manufacturer of 
purified aluminum, but today there are seven 
major producers of aluminum foil located in 
the United States. 

Raw Materials 

Aluminum numbers among the most abun¬ 
dant elements: after oxygen and silicon, it is 


the most plentiful element found in the 
earth’s surface, making up over eight percent 
of the crust to a depth of ten miles and 
appearing in almost every common rock. 
However, aluminum does not occur in its 
pure, metallic form but rather as hydrated 
aluminum oxide (a mixture of water and alu¬ 
mina) combined with silica, iron oxide, and 
titania. The most significant aluminum ore is 
bauxite, named after the French town of Les 
Baux where it was discovered in 1821. 
Bauxite contains iron and hydrated alu¬ 
minum oxide, with the latter representing its 
largest constituent material. At present, 
bauxite is plentiful enough so that only 
deposits with an aluminum oxide content of 
forty-five percent or more are mined to make 
aluminum. Concentrated deposits are found 
in both the northern and southern hemi¬ 
spheres, with most of the ore used in the 
United States coming from the West Indies, 
North America, and Australia. Since bauxite 
occurs so close to the earth's surface, mining 
procedures are relatively simple. Explosives 
are used to open up large pits in bauxite beds, 
after which the top layers of dirt and rock are 
cleared away. The exposed ore is then 
removed with front end loaders, piled in 
trucks or railroad cars, and transported to 
processing plants. Bauxite is heavy (gener¬ 
ally, one ton of aluminum can be produced 
from four to six tons of the ore), so, to reduce 


The Bayer process of refining baux¬ 
ite consists of four steps: digestion, 
clarification, precipitation, and cal¬ 
cination. The result is a fine white 
powder of aluminum oxide. 
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CONTINUOUS CASTING 



Continuous casting is an alternative 
to melting and casting aluminum. 
An advantage of continuous casting 
is that it does not require an anneal¬ 
ing (heat treatment) step prior to foil 
rolling, as does the melting and 
casting process. 


the cost of transporting it, these plants are 
often situated as close as possible to the 
bauxite mines. 

The Manufacturing 
Process 

Extracting pure aluminum from bauxite 
entails two processes. First, the ore is refined 
to eliminate impurities such as iron oxide, 
silica, titania, and water. Then, the resultant 
aluminum oxide is smelted to produce pure 
aluminum. After that, the aluminum is rolled 
to produce foil. 

Refining—Bayer process 

I The Bayer process used to refine bauxite 
comprises four steps: digestion, clarifica¬ 
tion, precipitation, and calcination. During 


the digestion stage, the bauxite is ground and 
mixed with sodium hydroxide before being 
pumped into large, pressurized tanks. In 
these tanks, called digesters, the combination 
of sodium hydroxide, heat, and pressure 
breaks the ore down into a saturated solution 
of sodium aluminate and insoluble contami¬ 
nants, which settle to the bottom. 

2 The next phase of the process, clarifica¬ 
tion, entails sending the solution and the 
contaminants through a set of tanks and 
presses. During this stage, cloth filters trap 
the contaminants, which are then disposed of. 
After being filtered once again, the remaining 
solution is transported to a cooling tower. 

3 In the next stage, precipitation, the alu¬ 
minum oxide solution moves into a large 
silo, where, in an adaptation of the Deville 
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method, the fluid is seeded with crystals of 
hydrated aluminum to promote the formation 
of aluminum particles. As the seed crystals 
attract other crystals in the solution, large 
clumps of aluminum hydrate begin to form. 
These are first filtered out and then rinsed. 

4 Calcination, the final step in the Bayer 
refinement process, entails exposing the 
aluminum hydrate to high temperatures. 
This extreme heat dehydrates the material, 
leaving a residue of fine white powder: alu¬ 
minum oxide. 

Smelting 

Smelting, which separates the aluminum- 
oxygen compound (alumina) produced by 
the Bayer process, is the next step in extract¬ 
ing pure, metallic aluminum from bauxite. 
Although the procedure currently used derives 
from the electrolytic method invented con¬ 
temporaneously by Charles Hall and Paul- 
Louis-Toussaint Heroult in the late nineteenth 
century, it has been modernized. First, the alu¬ 
mina is dissolved in a smelting cell, a deep 
steel mold lined with carbon and filled with a 
heated liquid conductor that consists mainly 
of the aluminum compound cryolite. 

6 Next, an electric current is run through 
the cryolite, causing a crust to form over 
the top of the alumina melt. When additional 
alumina is periodically stirred into the mix¬ 
ture, this crust is broken and stirred in as 
well. As the alumina dissolves, it electrolyti- 
cally decomposes to produce a layer of pure, 
molten aluminum on the bottom of the smelt¬ 
ing cell. The oxygen merges with the carbon 
used to line the cell and escapes in the form 
of carbon dioxide. 

7 Still in molten form, the purified alu¬ 
minum is drawn from the smelting cells, 
transferred into crucibles, and emptied into 
furnaces. At this stage, other elements can 
be added to produce aluminum alloys with 
characteristics appropriate to the end prod¬ 
uct, though foil is generally made from 99.8 
or 99.9 percent pure aluminum. The liquid is 
then poured into direct chill casting devices, 
where it cools into large slabs called “ingots” 
or “reroll stock.” After being annealed— 
heat treated to improve workability—the 
ingots are suitable for rolling into foil. 

An alternative method to melting and casting 
the aluminum is called “continuous casting.” 



This process involves a production line con¬ 
sisting of a melting furnace, a holding hearth 
to contain the molten metal, a transfer sys¬ 
tem, a casting unit, a combination unit con¬ 
sisting of pinch rolls, shear and bridle, and a 
rewind and coil car. Both methods produce 
stock of thicknesses ranging from 0.125 to 
0.250 inch (0.317 to 0.635 centimeter) and of 
various widths. The advantage of the contin¬ 
uous casting method is that it does not 
require an annealing step prior to foil rolling, 
as does the melting and casting process, 
because annealing is automatically achieved 
during the casting process. 

Rolling foil 

8 After the foil stock is made, it must be 
reduced in thickness to make the foil. 
This is accomplished in a rolling mill, where 
the material is passed several times through 
metal rolls called work rolls. As the sheets (or 
webs) of aluminum pass through the rolls, 
they are squeezed thinner and extruded 
through the gap between the rolls. The work 
rolls are paired with heavier rolls called 
backup rolls, which apply pressure to help 
maintain the stability of the work rolls. This 
helps to hold the product dimensions within 
tolerances. The work and backup rolls rotate 
in opposite directions. Lubricants are added 
to facilitate the rolling process. During this 



Foil is produced from aluminum 
stock by rolling it between heavy 
rollers. Rolling produces two natural 
finishes on the foil, bright and 
matte. As the foil emerges from the 
rollers, circular knives cut it into rec¬ 
tangular pieces. 
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rolling process, the aluminum occasionally 
must be annealed (heat-treated) to maintain 
its workability. 

The reduction of the foil is controlled by 
adjusting the rpm of the rolls and the viscos¬ 
ity (the resistance to flow), quantity, and 
temperature of the rolling lubricants. The 
roll gap determines both the thickness and 
length of the foil leaving the mill. This gap 
can be adjusted by raising or lowering the 
upper work roll. Rolling produces two nat¬ 
ural finishes on the foil, bright and matte. 
The bright finish is produced when the foil 
comes in contact with the work roll surfaces. 
To produce the matte finish, two sheets must 
be packed together and rolled simultane¬ 
ously; when this is done, the sides that are 
touching each other end up with a matte fin¬ 
ish. Other mechanical finishing methods, 
usually produced during converting opera¬ 
tions, can be used to produce certain patterns. 

9 As the foil sheets come through the 
rollers, they are trimmed and slitted with 
circular or razor-like knives installed on the 
roll mill. Trimming refers to the edges of the 
foil, while slitting involves cutting the foil 
into several sheets. These steps are used to 
produce narrow coiled widths, to trim the 
edges of coated or laminated stock, and to 
produce rectangular pieces. For certain fabri¬ 
cating and converting operations, webs that 
have been broken during rolling must be 
joined back together, or spliced. Common 
types of splices for joining webs of plain foil 
and/or backed foil include ultrasonic, heat¬ 
sealing tape, pressure-sealing tape, and elec¬ 
tric welded. The ultrasonic splice uses a 
solid-state weld—made with an ultrasonic 
transducer—in the overlapped metal. 

Finishing procBsses 

For many applications, foil is used in 
combination with other materials. It 
can be coated with a wide range of materials, 
such as polymers and resins, for decorative, 
protective, or heat-sealing purposes. It can be 
laminated to papers, paperboards, and plastic 
films. It can also be cut, formed into any 
shape, printed, embossed, slit into strips, 
sheeted, etched, and anodized. Once the foil 
is in its final state, it is packaged accordingly 
and shipped to the customer. 


Quality Control 

In addition to in-process control of such 
parameters as temperature and time, the fin¬ 
ished foil product must meet certain require¬ 
ments. For instance, different converting 
processes and end uses have been found to 
require varying degrees of dryness on the foil 
surface for satisfactory performance. A wet¬ 
tability test is used to determine the dryness. 
In this test, different solutions of ethyl alco¬ 
hol in distilled water, in increments of ten 
percent by volume, are poured in a uniform 
stream onto the foil surface. If no drops 
form, the wettability is zero. The process is 
continued until it is determined what mini¬ 
mum percent of alcohol solution will com¬ 
pletely wet the foil surface. 

Other important properties are thickness and 
tensile strength. Standard test methods have 
been developed by the American Society For 
Testing and Materials (ASTM). Thickness is 
determined by weighing a sample and mea¬ 
suring its area, and then dividing the weight 
by the product of the area times the alloy 
density. Tension testing of foil must be care¬ 
fully controlled because test results can be 
affected by rough edges and the presence of 
small defects, as well as other variables. The 
sample is placed in a grip and a tensile or 
pulling force is applied until fracture of the 
sample occurs. The force or strength 
required to break the sample is measured. 

The Future 

The popularity of aluminum foil, especially 
for flexible packaging, will continue to grow. 
Four-sided, fin-sealed pouches have gained 
wide popularity for military, medical, and 
retail food applications and, in larger sizes, 
for institutional food service packs. Pouches 
have also been introduced for packaging 1.06 
to 4.75 gallons (4-18 liters) of wine for both 
retail and restaurant markets, and for other 
food service markets. In addition, other prod¬ 
ucts continue to be developed for other appli¬ 
cations. The increase in popularity of 
microwave ovens has resulted in the devel¬ 
opment of several forms of aluminum-based 
semi-rigid containers designed specifically 
for these ovens. More recently, special cook¬ 
ing foils for barbecuing have been developed. 

However, even aluminum foil is being scruti¬ 
nized in regard to its environmental “friendli- 



1 2 



Aluminum Foil 


ness.” Hence, manufacturers are increasing 
their efforts in the recycling area; in fact, all 
U.S. foil producers have begun recycling 
programs even though aluminum foil’s total 
tonnage and capture rate is much lower than 
that of the easy-to-recycle aluminum cans. 
Aluminum foil already has the advantage of 
being light and small, which helps reduce its 
contribution to the solid waste stream. In 
fact, laminated aluminum foil packaging 
represents just 17/100ths of one percent of 
the U.S. solid waste. 

For packaging waste, the most promising 
solution may be source reduction. For 
instance, packaging 65 pounds (29.51 kilo¬ 
grams) of coffee in steel cans requires 20 
pounds (9.08 kilograms) of steel but only 
three pounds (4.08 kilograms) of laminated 
packaging including aluminum foil. Such 
packaging also takes up less space in the 
landfill. The Aluminum Association’s Foil 
Division is even developing an educational 
program on aluminum foil for universities 
and professional packaging designers in order 
to help inform such designers of the benefits 
of switching to flexible packaging. 

Aluminum foil also uses less energy during 
both manufacturing and distribution, with in- 
plant scrap being recycled. In fact, recycled 
aluminum, including cans and foil, accounts 
for over 30 percent of the industry’s yearly 


supply of metal. This number has been 
increasing for several years and is expected 
to continue. In addition, processes used dur¬ 
ing foil manufacturing are being improved to 
reduce air pollution and hazardous waste. 

Where To Learn More 

Books 

Aluminum Foil. The Aluminum Association. 
1981. 

Periodicals 

“Barrier Qualities Stimulate Aluminum Foil 
Packaging Growth,” FoilPak News. The 
Aluminum Association. Fall, 1992. 

“The Best Ways to Keep Food Fresh: A 
Roundup of the Most Effective and Most 
Economical Wraps, Bags, and Containers,” 
Consumer Reports. February, 1989, p. 120+. 

Gracey, Kathryn K. “Aluminum in Micro- 
waves,” Consumers’ Research Magazine. 
January, 1989, p. 2. 

“Promote Even Cookery with Foil,” 
Southern Living. December, 1987, pp. 1 BO- 
131. 

— L. S. Millberg 
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The most exciting 
development of the 
twentieth century has been 
the development of 
myoelectric prosthetic 
limbs. Myoelectricity 
involves using electrical 
signals from the patient's 
arm muscles to move the 
limb. 


Background 

Artificial arms and legs, or prostheses , are 
intended to restore a degree of normal func¬ 
tion to amputees. Mechanical devices that 
allow amputees to walk again or continue to 
use two hands have probably been in use 
since ancient times, the most notable one 
being the simple peg leg. Surgical procedure 
for amputation, however, was not largely suc¬ 
cessful until around 600 b.c. Armorers of the 
Middle Ages created the first sophisticated 
prostheses, using strong, heavy, inflexible 
iron to make limbs that the amputee could 
scarcely control. Even with the articulated 
joints invented by Ambroise Pard in the 
1500s, the amputee could not flex at will. 
Artificial hands of the time were quite beauti¬ 
ful and intricate imitations of real hands, but 
were not exceptionally functional. Upper 
limbs, developed by Peter Baliff of Berlin in 
1812 for below-elbow amputees and Van 
Peetersen in 1844 for above-elbow amputees, 
were functional, but still far less than ideal. 

The nineteenth century saw a lot of changes, 
most initiated by amputees themselves. J. E. 
Hanger, an engineering student, lost his leg in 
the Civil War. He subsequently designed an 
artificial leg for himself and in 1861 founded a 
company to manufacture prosthetic legs. The 
J. E. Hanger Company is still in existence 
today. Another amputee named A. A. 
Winkley developed a slip-socket below-knee 
device for himself, and with the help of 
Lowell Jepson, founded the Winkley 
Company in 1888. They marketed the legs 
during the National Civil War Veterans 
Reunion, thereby establishing their company. 

Another amputee named D. W. Dorrance 
invented a terminal device to be used in the 
place of a hand in 1909. Dorrance, who had 


lost his right arm in an accident, was 
unhappy with the prosthetic arms then avail¬ 
able. Until his invention, they had consisted 
of a leather socket and a heavy steel frame, 
and either had a heavy cosmetic hand in a 
glove, a rudimentary mechanical hand, or a 
passive hook incapable of prehension. 
Dorrance invented a split hook that was 
anchored to the opposite shoulder and could 
be opened with a strap across the back and 
closed by rubber bands. His terminal device 
(the hook) is still considered to be a major 
advancement for amputees because it 
restored their prehension abilities to some 
extent. Modified hooks are still used today, 
though they might be hidden by realistic- 
looking skin. 

The twentieth century has seen the greatest 
advances in prosthetic limbs. Materials such 
as modern plastics have yielded prosthetic 
devices that are strong and more lightweight 
than earlier limbs made of iron and wood. 
New plastics, better pigments, and more 
sophisticated procedures are responsible for 
creating fairly realistic-looking skin. 

The most exciting development of the twen¬ 
tieth century has been the development of 
myoelectric prosthetic limbs. Myoelectricity 
involves using electrical signals from the 
patient’s arm muscles to move the limb. 
Research began in the late 1940s in West 
Germany, and by the late sixties myoelectric 
devices were available for adults. In the last 
decade children have also been fitted with 
myoelectric limbs. 

In recent years computers have been used to 
help fit amputees with prosthetic limbs. 
Eighty-five percent of private prosthetic 
facilities use a CAD/CAM to design a model 




Artificial Limb 



of the patient’s arm or leg, which can be used 
to prepare a mold from which the new limb 
can be shaped. Laser-guided measuring and 
fitting is also available. 

Raw Materials 

The typical prosthetic device consists of a 
custom fitted socket, an internal structure 
(also called a pylon), knee cuffs and belts 
that attach it to the body, prosthetic socks 
that cushion the area of contact, and, in some 
cases, realistic-looking skin. Prosthetic limb 
manufacture is currently undergoing changes 
on many levels, some of which concern the 
choice of materials. 

A prosthetic device should most of all be 
lightweight; hence, much of it is made from 


plastic. The socket is usually made from 
polypropylene. Lightweight metals such as 
titanium and aluminum have replaced much 
of the steel in the pylon. Alloys of these 
materials are most frequently used. The 
newest development in prosthesis manufac¬ 
ture has been the use of carbon fiber to form 
a lightweight pylon. 

Certain parts of the limb (for example, the 
feet) have traditionally been made of wood 
(such as maple, hickory basswood, willow, 
poplar, and linden) and rubber. Even today 
the feet are made from urethane foam with a 
wooden inner keel construction. Other mate¬ 
rials commonly used are plastics such as 
polyethylene, polypropylene, acrylics, and 
polyurethane. Prosthetic socks are made 
from a number of soft yet strong fabrics. 
Earlier socks were made of wool, as are some 


After a plaster cast of the amputee's 
stump is made, a thermoplastic 
sheet is vacuum-formed around this 
cast to form a test socket. In vac¬ 
uum-forming, the plastic sheet is 
healed and then placed in a vac¬ 
uum chamber with the cast (or 
mold). As the air is sucked out of the 
chamber, the plastic adheres to the 
cast and assumes its shape. After 
testing, the permanent socket is 
formed in the same way. 
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modem ones, which can also be made of cot¬ 
ton or various synthetic materials. 

Physical appearance of the prosthetic limb is 
important to the amputee. The majority of 
endoskeletal prostheses (pylons) are covered 
with a soft polyurethane foam cover that has 
been designed to match the shape of the 
patient’s sound limb. This foam cover is then 
covered with a sock or artificial skin that is 
painted to match the patient’s skin color. 

The Manufacturing 
Process 

Prosthetic limbs are not mass-produced to be 
sold in stores. Similar to the way dentures or 
eyeglasses are procured, prosthetic limbs are 
first prescribed by a medical doctor, usually 
after consultation with the amputee, a pros¬ 
thetist, and a physical therapist. The patient 
then visits the prosthetist to be fitted with a 
limb. Although some parts—the socket, for 
instance—are custom-made, many parts 
(feet, pylons) are manufactured in a factory, 
sent to the prosthetist, and assembled at the 
prosthetist’s facility in accordance with the 
patient’s needs. At a few facilities, the limbs 
are custom made from start to finish. 

Measuring and casting 

1 Accuracy and attention to detail are 
important in the manufacture of prosthetic 
limbs, because the goal is to have a limb that 
comes as close as possible to being as com¬ 
fortable and useful as a natural one. Before 
work on the fabrication of the limb is begun, 
the prosthetist evaluates the amputee and 
takes an impression or digital reading of the 
residual limb. 

2 The prosthetist then measures the lengths 
of relevant body segments and deter¬ 
mines the location of bones and tendons in 
the remaining part of the limb. Using the 
impression and the measurements, the pros¬ 
thetist then makes a plaster cast of the stump. 
This is most commonly made of plaster of 
paris, because it dries fast and yields a 
detailed impression. From the plaster cast, a 
positive model—an exact duplicate—of the 
stump is created. 

Making the socket 

3 Next, a sheet of clear thermoplastic is 
heated in a large oven and then vacuum- 


formed around the positive mold. In this 
process, the heated sheet is simply laid over 
the top of the mold in a vacuum chamber. If 
necessary, the sheet is heated again. Then, 
the air between the sheet and the mold is 
sucked out of the chamber, collapsing the 
sheet around the mold and forcing it into the 
exact shape of the mold. This thermoplastic 
sheet is now the test socket; it is transparent 
so that the prosthetist can check the fit. 

4 Before the permanent socket is made, the 
prosthetist works with the patient to 
ensure that the test socket fits properly. In 
the case of a missing leg, the patient walks 
while wearing the test socket, and the pros¬ 
thetist studies the gait. The patient is also 
asked to explain how the fit feels; comfort 
comes first. The test socket is then adjusted 
according to patient input and retried. 
Because the material from which the test 
socket is made is thermoplastic, it can be 
reheated to make minor adjustments in 
shape. The patient can also be fitted with 
thicker socks for a more comfortable fit. 

The permanent socket is then formed. 
Since it is usually made of polypropy¬ 
lene, it can be vacuum-formed over a mold in 
the same way as the test socket. It is common 
for the stump to shrink after surgery, stabiliz¬ 
ing approximately a year later. Thus, the 
socket is usually replaced at that time, and 
thereafter when anatomical changes necessi¬ 
tate a change. 

Fabrication of the prosthesis 

6 There are many ways to manufacture the 
parts of a prosthetic limb. Plastic 
pieces—including soft-foam pieces used as 
liners or padding—are made in the usual plas¬ 
tic forming methods. These include vacuum¬ 
forming (see no. 3 above), injecting molding 
—forcing molten plastic into a mold and let¬ 
ting it cool—and extruding, in which the 
plastic is pulled through a shaped die. Pylons 
that are made of titanium or aluminum can be 
die-cast; in this process, liquid metal is forced 
into a steel die of the proper shape. The 
wooden pieces can be planed, sawed, and 
drilled. The various components are put 
together in a variety of ways, using bolts, 
adhesives, and laminating, to name a few. 

7 The entire limb is assembled by the pros¬ 
thetist’s technician using such tools as a 
torque wrench and screwdriver to bolt the 
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Artificial Limb 



A typical artificial limb, in this case 
an above-tbe-knee prosthesis. The 
foam cover is covered with artificial 
skin that is painted to match the 
patient's natural skin color. 


prosthetic device together. After this, the 
prosthetist again fits the permanent socket to 
the patient, this time with the completed cus¬ 
tom-made limb attached. Final adjustments 
are then made. 

Physical Therapy 

Once the prosthetic limb has been fitted, it is 
necessary for the patient to become comfort¬ 
able with the device and learn to use it in 
order to meet the challenges of everyday life. 
At the same time, they must learn special 
exercises that strengthen the muscles used to 
move the prosthetic device. When the patient 
has been fitted with a myoelectric device, it 
is sometimes true that the muscles are too 
weak to effectively signal the device, so 
again the muscles are exercised to strengthen 
them. Some new amputees are trained to 
wash the devices—including the socks— 
daily, and to practice getting them on and off. 

A patient fitted with an artificial arm must 
learn to use the arm and its locking device as 


well as the hand. If the amputee lost an arm 
due to an accident and is subsequently fitted 
with a myoelectric device, this is relatively 
easy. If the loss of the limb is congenital, this 
is difficult. An instruction system has been 
developed to teach amputees how to accom¬ 
plish many small tasks using only one hand. 

Some patients fitted with an artificial leg also 
undergo physical therapy. It typically takes a 
new amputee 18-20 weeks to learn how to 
walk again. Patients also learn how to get in 
and out of bed and how to get in and out of a 
car. They learn how to walk up and down 
hill, and how to fall down and get up safely. 

Quality Control 

No standards exist for prosthetic limbs in the 
United States. Some manufacturers advocate 
instituting those of the International Stan¬ 
dards Organization of Europe, particularly 
because U.S. exporters of prosthetic limbs to 
Europe must conform to them anyway. 
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Others believe these regulations to be con¬ 
fusing and unrealistic; they would rather see 
the United States produce their own, more 
reasonable standards. 

Lack of standards does not mean that pros¬ 
thetic limb manufacturers have not come up 
with ways to test their products. Some tests 
evaluate the strength and lifetime of the 
device. For instance, static loads test 
strength. A load is applied over a period of 
30 seconds, held for 20 seconds, then 
removed over a period of 30 seconds. The 
limb should suffer no deformation from the 
test. To test for failure, a load is applied to the 
limb until it breaks, thus determining strength 
limits. Cyclic loads determine the lifetime of 
the device. A load is applied two million 
times at one load per second, thus simulating 
five years of use. Experimental prosthetic 
limbs are usually considered feasible if they 
survive 250,000 cycles. 

The Future 

Many experts are optimistic about the future 
of prosthetic limbs; at least, most agree that 
there is vast room for improvement. A pros¬ 
thetic limb is a sophisticated device, yet it is 
preferably simple in design. The ideal pros¬ 
thetic device should be easy for the patient to 
learn how to use, require little repair or 
replacement, be comfortable and easy to put 
on and take off, be strong yet lightweight, be 
easily adjustable, look natural, and be easy to 
clean. Research aims for this admittedly 
utopian prosthetic device, and strides have 
been made in recent years. 

Carbon fiber is a strong, lightweight material 
that is now being used as the basis of 
endoskeletal parts (the pylons). In the past it 
was used primarily for reinforcement of 
exoskeletal protheses, but some experts 
claim that carbon fiber is a superior material 
that will eventually replace metals in pylons. 

One researcher has developed software that 
superimposes a grid on a CAT scan of the 
stump to indicate the amount of pressure the 
soft tissue can handle with a minimum 
amount of pain. By viewing the computer 
model, the prosthetist can design a socket 


that minimizes the amount of soft tissue that 
is displaced. 

An experimental pressure-sensitive foot is 
also in the works. Pressure transducers 
located in the feet send signals to electrodes 
set in the stump. The nerves can then receive 
and interpret the signals accordingly. 
Amputees can walk more normally on the 
new device because they can feel the ground 
and adjust their gait appropriately. 

Another revolutionary development in the 
area of prosthetic legs is the introduction of 
an above-knee prosthesis that has a built-in 
computer that can be programmed to match 
the patient’s gait, thereby making walking 
more automatic and natural. 

Where To Learn More 

Books 

Forester, C. S. Flying Colours. Little, 
Brown, 1938. 

Sabolich, John. You ’re Not Alone. Sabolich 
Prosthetic and Research Center, 1991. 

Shurr, Donald G. and Thomas M. Cook. 
Prosthetics and Orthotics. Appleton and 
Lange, 1990. 

Periodicals 

Abrahams, Andrew. “An Amazing ‘Foot’ 
Puts Legless Vet Bill Demby Back in the 
Ballgame,” People Weekly. April 4, 1988, p. 
119. 

Hart, Lianne. “Lives that Are Whole,” Life. 
December, 1988, pp. 112-116. 

Heilman, Joan Rattner. “Medical Miracles,” 
Redbook. May, 1991, p. 124+. 

“A Helping Hand for Christa,” National 
Geographic World. November, 1986, p. 10. 

“Off to a Running Start,” National 
Geographic World. August, 1991, pp. 29-31. 

— Rose Secrest 
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Aspirin 


Background 

Aspirin is one of the safest and least expen¬ 
sive pain relievers on the marketplace. While 
other pain relievers were discovered and 
manufactured before aspirin, they only 
gained acceptance as over-the-counter drugs 
in Europe and the United States after 
aspirin’s success at the turn of the twentieth 
century. 

Today, Americans alone consume 16,000 
tons of aspirin tablets a year, equaling 80 
million pills, and we spend about $2 billion a 
year for non-prescription pain relievers, 
many of which contain aspirin or similar 
drugs. 

Currently, the drug is available in several 
dosage forms in various concentrations from 
.0021 to .00227 ounces (60 to 650 mil¬ 
ligrams), but the drug is most widely used in 
tablet form. Other dosage forms include cap¬ 
sules, caplets, suppositories and liquid elixir. 

Aspirin can be used to fight a host of health 
problems: cerebral thromboses (with less 
than one tablet a day); general pain or fever 
(two to six tablets a day; and diseases such as 
rheumatic fever, gout, and rheumatoid arthri¬ 
tis. The drug is also beneficial in helping to 
ward off heart attacks. In addition, biologists 
use aspirin to interfere with white blood cell 
action, and molecular biologists use the drug 
to activate genes. 

The wide range of effects that aspirin can 
produce made it difficult to pinpoint how it 
actually works, and it wasn’t until the 1970s 
that biologists hypothesized that aspirin and 
related drugs (such as ibuprofen) work by 
inhibiting the synthesis of certain hormones 


that cause pain and inflammation. Since then, 
scientists have made further progress in 
understanding how aspirin works. They now 
know, for instance, that aspirin and its rela¬ 
tives actually prevent the growth of cells that 
cause inflammation. 


History 

The compound from which the active ingre¬ 
dient in aspirin was first derived, salicylic 
acid, was found in the bark of a willow tree 
in 1763 by Reverend Edmund Stone of 
Chipping-Norton, England. (The bark from 
the willow tree—Salix Alba—contains high 
levels of salicin, the glycoside of salicylic 
acid.) Earlier accounts indicate that 
Hippocrates of ancient Greece used willow 
leaves for the same purpose—to reduce fever 
and relieve the aches of a variety of illnesses. 

During the 1800s, various scientists 
extracted salicylic acid from willow bark and 
produced the compound synthetically. Then, 
in 1853, French chemist Charles F. Gerhardt 
synthesized a primitive form of aspirin, a 
derivative of salicylic acid. In 1897 Felix 
Hoffmann, a German chemist working at the 
Bayer division of I.G. Farber, discovered a 
better method for synthesizing the drug. 
Though sometimes Hoffmann is improperly 
given credit for the discovery of aspirin, he 
did understand that aspirin was an effective 
pain reliever that did not have the side effects 
of salicylic acid (it burned throats and upset 
stomachs). 

Bayer marketed aspirin beginning in 1899 
and dominated the production of pain reliev¬ 
ers until after World War I, when Sterling 
Drug bought German-owned Bayer’s New 


Today, Americans alone 
consume 16,000 tons of 
aspirin tablets a year, 
equaling 80 million pills, 
and we spend about $2 
billion a year for non¬ 
prescription pain relievers, 
many of which contain 
aspirin or similar drugs. 
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The first three steps in aspirin manu¬ 
facture: weighing, mixing, and dry 
screening. Mixing can be done in a 
Glen Mixer, which both blends the 
ingredients and expels the air from 
them. In dry screening, small 
batches are forced through a wire 
mesh screen by hand, while larger 
batches can be screened in a 
Fitzpatrick mill. 


York operations. Today, “Aspirin” is a regis¬ 
tered trademark of Bayer in many countries 
around the world, but in the United States 
and the United Kingdom aspirin is simply the 
common name for acetylsalicylic acid. 

The manufacture of aspirin has paralleled 
advancements in pharmaceutical manufac¬ 
turing as a whole, with significant mecha¬ 
nization occurring during the early twentieth 
century. Now, the manufacture of aspirin is 
highly automated and, in certain pharmaceu¬ 
tical companies, completely computerized. 

While the aspirin production process varies 
between pharmaceutical companies, dosage 
forms and amounts, the process is not as 
complex as the process for many other drugs. 
In particular, the production of hard aspirin 
tablets requires only four ingredients: the 


active ingredient (acetylsalicylic acid), com 
starch, water, and a lubricant. 

Raw Materials 

To produce hard aspirin tablets, com starch 
and water are added to the active ingredient 
(acetylsalicylic acid) to serve as both a bind¬ 
ing agent and filler, along with a lubricant. 
Binding agents assist in holding the tablets 
together; fillers (diluents) give the tablets 
increased bulk to produce tablets of adequate 
size. A portion of the lubricant is added dur¬ 
ing mixing and the rest is added after the 
tablets are compressed. Lubricant keeps the 
mixture from sticking to the machinery. 
Possible lubricants include: hydrogenated 
vegetable oil, stearic acid, talc, or aluminum 
stearate. Scientists have performed consider¬ 
able investigation and research to isolate the 
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Aspirin 


most effective lubricant for hard aspirin 
tablets. 

Chewable aspirin tablets contain different 
diluents, such as mannitol, lactose, sorbitol, 
sucrose, and inositol, which allow the tablet 
to dissolve at a faster rate and give the drug a 
pleasant taste. In addition, flavor agents, 
such as saccharin, and coloring agents are 
added to chewable tablets. The colorants cur¬ 
rently approved in the United States include: 
FD&C Yellow No. 5, FD&C Yellow No. 6, 
FD&C Red No.3, FD&C Red No. 40, FD&C 
Blue No. 1, FD&C Blue No. 2, FD&C Green 
No. 3, a limited number of D&C colorants, 
and iron oxides. 

The Manufacturing 
Process 

Aspirin tablets are manufactured in different 
shapes. Their weight, size, thickness, and 
hardness may vary depending on the amount 
of the dosage. The upper and lower surfaces 
of the tablets may be flat, round, concave, or 
convex to various degrees. The tablets may 
also have a line scored down the middle of 
the outer surface, so the tablets can be broken 
in half, if desired. The tablets may be 
engraved with a symbol or letters to identify 
the manufacturer. 

Aspirin tablets of the same dosage amount are 
manufactured in batches. After careful weigh¬ 
ing, the necessary ingredients are mixed and 
compressed into units of granular mixture 
called slugs. The slugs are then filtered to 
remove air and lumps, and are compressed 
again (or punched) into numerous individual 
tablets. (The number of tablets will depend on 
the size of the batch, the dosage amount, and 
the type of tablet machine used.) Docu¬ 
mentation on each batch is kept throughout 
the manufacturing process, and finished 
tablets undergo several tests before they are 
bottled and packaged for distribution. 

The procedure for manufacturing hard 
aspirin tablets, known as dry-granulation or 
slugging, is as follows: 

Weighing 

I The com starch, the active ingredient, and 
the lubricant are weighed separately in 
sterile canisters to determine if the ingredi¬ 


ents meet pre-determined specifications for 
the batch size and dosage amount. 

Mixing 

2 The corn starch is dispensed into cold 
purified water, then heated and stirred 
until a translucent paste forms. The corn 
starch, the active ingredient, and part of the 
lubricant are next poured into one sterile can¬ 
ister, and the canister is wheeled to a mixing 
machine called a Glen Mixer. Mixing blends 
the ingredients as well as expels air from the 
mixture. 

3 The mixture is then mechanically sepa¬ 
rated into units, which are generally from 
7/8 to 1 inches (2.22 to 2.54 centimeters) in 
size. These units are called slugs. 

Dry screening 

4 Next, small batches of slugs are forced 
through a mesh screen by a hand-held 
stainless steel spatula. Large batches in siz¬ 
able manufacturing outlets are filtered 
through a machine called a Fitzpatrick mill. 
The remaining lubricant is added to the mix¬ 
ture, which is blended gently in a rotary gran¬ 
ulator and sifter. The lubricant keeps the 
mixture from sticking to the tablet machine 
during the compression process. 

Compression 

The mixture is compressed into tablets 
either by a single-punch machine (for 
small batches) or a rotary tablet machine (for 
large scale production). The majority of sin¬ 
gle-punch machines are power-driven, but 
hand-operated models are still available. On 
single-punch machines, the mixture is fed 
into one tablet mold (called a dye cavity) by 
a feed shoe, as follows: 

• The feed shoe passes over the dye cavity 
and releases the mixture. The feed shoe 
then retracts and scrapes all excess mixture 
away from the dye cavity. 

• A punch—a short steel rod—the size of the 
dye cavity descends into the dye, com¬ 
pressing the mixture into a tablet. The 
punch then retracts, while a punch below 
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This drawing illustrates the principle 
of compression in a single-punch 
machine. First, the aspirin mixture is 
fed into a dye cavity. Then, a steel 
punch descends into the cavity and 
compresses the mixture into a 
tablet. As the punch retracts, 
another punch below the cavity 
rises to eject the tablet. 


COMPRESSION 



Eject 


the dye cavity rises into the cavity and 
ejects the tablet. 

• As the feed shoe returns to fill the dye cav¬ 
ity again, it pushes the compressed tablet 
from the dye platform. 

On rotary tablet machines, the mixture runs 
through a feed line into a number of dye cavi¬ 
ties which are situated on a large steel plate. 
The plate revolves as the mixture is dispensed 
through the feed line, rapidly filling each dye 
cavity. Punches, both above and below the 
dye cavities, rotate in sequence with the rota¬ 
tion of the dye cavities. Rollers on top of the 
upper punches press the punches down onto 
the dye cavities, compressing the mixture into 
tablets, while roller-activated punches 
beneath the dye cavities lift up and eject the 
tablets from the dye platform. 

Testing 

The compressed tablets are subjected to a 
tablet hardness and friability test, as well 


as a tablet disintegration test (see Quality 
Control section below). 

Bottling and packaging 

7 The tablets are transferred to an auto¬ 
mated bottling assembly line where they 
are dispensed into clear or color-coated poly¬ 
ethylene or polypropylene plastic bottles or 
glass bottles. The bottles are topped with cot¬ 
ton packing, sealed with a sheer aluminum 
top, and then sealed with a plastic and rubber 
child-proof lid. A sheer, round plastic band is 
then affixed to the circular edge of the lid. It 
serves as an additional seal to discourage and 
detect product tampering. 

8 The bottles are then labeled with product 
information and an expiration date is 
affixed. Depending on the manufacturer, the 
bottles are then packaged in individual card¬ 
board boxes. The packages or bottles are 
then boxed in larger cardboard boxes in 
preparation for distribution to distributors. 
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Finished aspirin tablets often have a 
line "scored" down the center so 
that the tablet can be broken into 
two parts with ease. 


Quality Control 

Maintaining a high degree of quality control 
is extremely important in the pharmaceutical 
manufacturing industry, as well as required 
by the Food and Drug Administration 
(FDA). All machinery is sterilized before 
beginning the production process to ensure 
that the product is not contaminated or 
diluted in any way. In addition, operators 
assist in maintaining an accurate and even 
dosage amount throughout the production 
process by performing periodic checks, 
keeping meticulous batch records, and 
administering necessary tests. Tablet thick¬ 
ness and weight are also controlled. 

Once the tablets have been produced, they 
undergo several quality tests, such as tablet 
hardness and friability tests. To ensure that 
the tablets won’t chip or break under normal 
conditions, they are tested for hardness in a 
machine such as the Schleuniger (or 
Heberlein) Tablet Hardness Tester. They are 
also tested for friability, which is the ability 
of the tablet to withstand the rigors of pack¬ 
aging and shipping. A machine called a 
Roche Friabilator is used to perform this test. 
During the test, tablets are tumbled and 
exposed to repeated shocks. 

Another test is the tablet disintegration test. 
To ensure that the tablets will dissolve at the 
desirable rate, a sample from the batch is 
placed in a tablet disintegration tester such as 
the Vanderkamp Tester. This apparatus con¬ 
sists of six plastic tubes open at the top and 
bottom. The bottoms of the tubes are covered 
with a mesh screen. The tubes are fdled with 


tablets and immersed in water at 37 degrees 
Fahrenheit (2.77 degrees Celsius) and 
retracted for a specified length of time and 
speed to determine if the tablets dissolve as 
designed. 

Where To Learn More 

Books 

HIJSA’S Pharmaceutical Dispensing, 6th 
edition, Mack Publishing Company, 1966. 

History of Pharmacy, 4th edition, The 
American Institute of History of Pharmacy, 
1986. 

An Introduction to Pharmaceutical Formu¬ 
lation, Pergamon Press, 1965. 

Mann, Charles C. The Aspirin Wars: Money, 
Medicine & One Hundred Years of Rampant 
Competition. Alfred A. Knopf, Inc. 1991. 

Remington’s Pharmaceutical Sciences, 17th 
edition, Mack Publishing, 1985. 

Periodicals 

Draper, Roger. “A Pharmaceutical Cinder¬ 
ella (History of Aspirin),” The New Leader. 
January 13, 1992, p. 16. 

Weissmann, Gerald. “Aspirin,” Scientific 
American. January, 1991, pp. 84-90. 

Wickens, Barbara. “Aspirin: What’s in a 
Name?,” Maclean’s. July 16, 1990, p. 40. 

— Greg Ling 




Automobile 


The development of the 
electric automobile will 
owe more to innovative 
solar and aeronautical 
engineering and 
advanced satellite and 
radar technology than to 
traditional automotive 
design and construction. 
The electric car will have 
no engine, exhaust system, 
transmission, muffler, 
radiator, or spark plugs. It 
will require neither tune- 
ups nor gasoline. 


Background 

In 1908 Henry Ford began production of the 
Model T automobile. Based on his original 
Model A design first manufactured in 1903, 
the Model T took five years to develop. Its 
creation inaugurated what we know today as 
the mass production assembly line. This rev¬ 
olutionary idea was based on the concept of 
simply assembling interchangeable compo¬ 
nent parts. Prior to this time, coaches and 
buggies had been hand-built in small num¬ 
bers by specialized craftspeople who rarely 
duplicated any particular unit. Ford’s innov¬ 
ative design reduced the number of parts 
needed as well as the number of skilled fit¬ 
ters who had always formed the bulk of the 
assembly operation, giving Ford a tremen¬ 
dous advantage over his competition. 

Ford’s first venture into automobile assembly 
with the Model A involved setting up assem¬ 
bly stands on which the whole vehicle was 
built, usually by a single assembler who fit an 
entire section of the car together in one place. 
This person performed the same activity over 
and over at his stationary assembly stand. To 
provide for more efficiency. Ford had parts 
delivered as needed to each work station. In 
this way each assembly fitter took about 8.5 
hours to complete his assembly task. By the 
time the Model T was being developed Ford 
had decided to use multiple assembly stands 
with assemblers moving from stand to stand, 
each performing a specific function. This 
process reduced the assembly time for each 
fitter from 8.5 hours to a mere 2.5 minutes by 
rendering each worker completely familiar 
with a specific task. 

Ford soon recognized that walking from 
stand to stand wasted time and created jam- 


ups in the production process as faster work¬ 
ers overtook slower ones. In Detroit in 1913, 
he solved this problem by introducing the 
first moving assembly line, a conveyor that 
moved the vehicle past a stationary assem¬ 
bler. By eliminating the need for workers to 
move between stations, Ford cut the assem¬ 
bly task for each worker from 2.5 minutes to 
just under 2 minutes; the moving assembly 
conveyor could now pace the stationary 
worker. The first conveyor line consisted of 
metal strips to which the vehicle’s wheels 
were attached. The metal strips were 
attached to a belt that rolled the length of the 
factory and then, beneath the floor, returned 
to the beginning area. This reduction in the 
amount of human effort required to assemble 
an automobile caught the attention of auto¬ 
mobile assemblers throughout the world. 
Ford’s mass production drove the automo¬ 
bile industry for nearly five decades and was 
eventually adopted by almost every other 
industrial manufacturer. Although techno¬ 
logical advancements have enabled many 
improvements to modern day automobile 
assembly operations, the basic concept of 
stationary workers installing parts on a vehi¬ 
cle as it passes their work stations has not 
changed drastically over the years. 

Raw Materials 

Although the bulk of an automobile is virgin 
steel, petroleum-based products (plastics and 
vinyls) have come to represent an increas¬ 
ingly large percentage of automotive compo¬ 
nents. The light-weight materials derived 
from petroleum have helped to lighten some 
models by as much as thirty percent. As the 
price of fossil fuels continues to rise, the 
preference for lighter, more fuel efficient 
vehicles will become more pronounced. 



Automobile 


Design 

Introducing a new model of automobile gen¬ 
erally takes three to five years from inception 
to assembly. Ideas for new models are devel¬ 
oped to respond to unmet pubic needs and 
preferences. Trying to predict what the pub¬ 
lic will want to drive in five years is no small 
feat, yet automobile companies have suc¬ 
cessfully designed automobiles that fit public 
tastes. With the help of computer-aided 
design equipment, designers develop basic 
concept drawings that help them visualize 
the proposed vehicle’s appearance. Based on 
this simulation, they then construct clay 
models that can be studied by styling experts 
familiar with what the public is likely to 
accept. Aerodynamic engineers also review 
the models, studying air-flow parameters and 
doing feasibility studies on crash tests. Only 
after all models have been reviewed and 
accepted are tool designers permitted to 
begin building the tools that will manufac¬ 
ture the component parts of the new model. 


The Manufacturing 
Process 

Componen ts 

I The automobile assembly plant represents 
only the final phase in the process of man¬ 
ufacturing an automobile, for it is here that 
the components supplied by more than 4,000 
outside suppliers, including company-owned 
parts suppliers, are brought together for 
assembly, usually by truck or railroad. Those 
parts that will be used in the chassis are 
delivered to one area, while those that will 
comprise the body are unloaded at another. 


Chassis 

2 The typical car or truck is constructed 
from the ground up (and out). The frame 
forms the base on which the body rests and 
from which all subsequent assembly compo¬ 
nents follow. The frame is placed on the 
assembly line and clamped to the conveyer to 
prevent shifting as it moves down the line. 
From here the automobile frame moves to 
component assembly areas where complete 
front and rear suspensions, gas tanks, rear 
axles and drive shafts, gear boxes, steering 
box components, wheel drums, and braking 
systems are sequentially installed. 


T he automobile, lor dneades the quintessential American industrial prod 
uct, dd not have its origins in the United States In I860, Etienne Lenoir, 
a Belgian mechanic, introduced an internal combustion engine that proved 
useful as a source ol stationary power In 1878, Nicholas Otto, a German 
manufacturer, developed his foui stroke "explosion' engine. By 1885, one of 
hi* engineer*, Gottlieb Duirnler was building the first of four experimental 
vehicles powered by a modified Otto internal combustion engine. Also in 
1885, another Germon manufacturer, Carl Benz, introduced a three- 
wheeled, self-propelled vehicle In 1887, the Benz became the first automo¬ 
bile offered for sale to ihe public. By 1895, automotive technology was 
dominated by the french, led by Emile lavassor lavassor developed the 
basic mechanical arrangement of the car, ploclng the engine in the front of 
the chassis, with the crankshaft perpendicular to the axles 

In 1896. the Doryea Motor Wagon became the first production motor vehi¬ 
cle -n the United States In thul some yeoi, Henry Ford demonstrated hi* first 
experimental vehicle the Quadricycle By 1908, when the Ford Motor 
Company introduced the Model T, the United States had dozens of automo¬ 
bile manufacturer*. The Model T quickly become the standard by which other 
cars were measured; ten ywrs later, half of all cars on Ihe road were Model 
T* It had a simple foui-cylinder twenty-horvepower engine and a planetary 
Transmission giving two gear* forward and one backward. It was sturdy, had 
high road cleatunce to negotiate the rutted roads of the day, and was easy 
ta operate and maintain 

William S. Pretzer 


3 An off-line operation at this stage of pro¬ 
duction mates the vehicle’s engine with 
its transmission. Workers use robotic arms 
to install these heavy components inside the 
engine compartment of the frame. After the 
engine and transmission are installed, a 
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On automobile assembly lines, 
much of the work is now done by 
robots rather than humans. In the 
first stages of automobile manufac¬ 
ture, robots weld the floor pan 
pieces together and assist workers 
in placing components such as the 
suspension onto the chassis. 


worker attaches the radiator, and another 
bolts it into place. Because of the nature of 
these heavy component parts, articulating 
robots perform all of the lift and carry opera¬ 
tions while assemblers using pneumatic 
wrenches bolt component pieces in place. 
Careful ergonomic studies of every assembly 
task have provided assembly workers with 
the safest and most efficient tools available. 

Body 

4 Generally, the floor pan is the largest 
body component to which a multitude of 
panels and braces will subsequently be either 
welded or bolted. As it moves down the 
assembly line, held in place by clamping fix¬ 
tures, the shell of the vehicle is built. First, 
the left and right quarter panels are roboti¬ 
cally disengaged from pre-staged shipping 


containers and placed onto the floor pan, 
where they are stabilized with positioning 
fixtures and welded. 


The front and rear door pillars, roof, and 
body side panels are assembled in the 
same fashion. The shell of the automobile 
assembled in this section of the process lends 
itself to the use of robots because articulating 
arms can easily introduce various component 
braces and panels to the floor pan and per¬ 
form a high number of weld operations in a 
time frame and with a degree of accuracy no 
human workers could ever approach. Robots 
can pick and load 200-pound (90.8 kilo¬ 
grams) roof panels and place them precisely 
in the proper weld position with tolerance 
variations held to within .001 of an inch. 
Moreover, robots can also tolerate the 
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smoke, weld flashes, and gases created dur¬ 
ing this phase of production. 

As the body moves from the isolated 
weld area of the assembly line, subse¬ 
quent body components including fully 
assembled doors, deck lids, hood panel, 
fenders, trunk lid, and bumper reinforce¬ 
ments are installed. Although robots help 
workers place these components onto the 
body shell, the workers provide the proper fit 
for most of the bolt-on functional parts using 
pneumatically assisted tools. 

Paint 

7 Prior to painting, the body must pass 
through a rigorous inspection process, 
the body in white operation. The shell of the 
vehicle passes through a brightly lit white 
room where it is fully wiped down by visual 
inspectors using cloths soaked in hi-light oil. 
Under the lights, this oil allows inspectors to 
see any defects in the sheet metal body pan¬ 
els. Dings, dents, and any other defects are 
repaired right on the line by skilled body 
repairmen. After the shell has been fully 
inspected and repaired, the assembly con¬ 
veyor carries it through a cleaning station 
where it is immersed and cleaned of all resid¬ 
ual oil, dirt, and contaminants. 


8 As the shell exits the cleaning station it 
goes through a drying booth and then 
through an undercoat dip—an electrostati¬ 
cally charged bath of undercoat paint (called 
the E-coat ) that covers every nook and 
cranny of the body shell, both inside and out, 
with primer. This coat acts as a substrate sur¬ 
face to which the top coat of colored paint 
adheres. 

9 After the E-coat bath, the shell is again 
dried in a booth as it proceeds on to the 
final paint operation. In most automobile 
assembly plants today, vehicle bodies are 
spray-painted by robots that have been pro¬ 
grammed to apply the exact amounts of paint 
to just the right areas for just the right length 
of time. Considerable research and program¬ 
ming has gone into the dynamics of robotic 
painting in order to ensure the fine “wet” fin¬ 
ishes we have come to expect. Our robotic 
painters have come a long way since Ford’s 
first Model Ts, which were painted by hand 
with a brush. 

Once the shell has been fully covered 
with a base coat of color paint and a 
clear top coat, the conveyor transfers the 
bodies through baking ovens where the paint 
is cured at temperatures exceeding 275 
degrees Fahrenheit (135 degrees Celsius). 




The body is built up on a separate 
assembly line from the chassis. 
Robots once again perform most of 
the welding on the various panels, 
but human workers are necessary to 
bolt the parts together. During weld¬ 
ing, component pieces are held 
securely in a jig while welding oper¬ 
ations are performed. Once the 
body shell is complete, it is attached 
to an overhead conveyor for the 
painting process. The multi-step 
painting process entails inspection, 
cleaning, undercoat (electrostati¬ 
cally applied) dipping, drying, top¬ 
coat spraying, and baking. 
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The body and chassis assemblies 
are mated near the end of the pro¬ 
duction process. Robotic arms lift 
the body shell onto the chassis 
frame, where human workers then 
bolt the two together. After final 
components are installed, the vehi¬ 
cle is driven off the assembly line to 
a quality checkpoint. 


After the shell leaves the paint area it is ready 
for interior assembly. 

Interior assembly 

The painted shell proceeds through the 
interior assembly area where workers 
assemble all of the instrumentation and 
wiring systems, dash panels, interior lights, 
seats, door and trim panels, headliners, 
radios, speakers, all glass except the auto¬ 
mobile windshield, steering column and 
wheel, body weatherstrips, vinyl tops, brake 
and gas pedals, carpeting, and front and rear 
bumper fascias. 

Next, robots equipped with suction 
cups remove the windshield from a 
shipping container, apply a bead of urethane 
sealer to the perimeter of the glass, and then 
place it into the body windshield frame. 
Robots also pick seats and trim panels and 
transport them to the vehicle for the ease and 
efficiency of the assembly operator. After 
passing through this section the shell is given 
a water test to ensure the proper fit of door 
panels, glass, and weatherstripping. It is now 
ready to mate with the chassis. 

Mate 

The chassis assembly conveyor and 
the body shell conveyor meet at this 


stage of production. As the chassis passes 
the body conveyor the shell is robotically 
lifted from its conveyor fixtures and placed 
onto the car frame. Assembly workers, some 
at ground level and some in work pits 
beneath the conveyor, bolt the car body to the 
frame. Once the mating takes place the auto¬ 
mobile proceeds down the line to receive 
final trim components, battery, tires, anti¬ 
freeze, and gasoline. 

U The vehicle can now be started. From 
here it is driven to a checkpoint off the 
line, where its engine is audited, its lights and 
horn checked, its tires balanced, and its 
charging system examined. Any defects dis¬ 
covered at this stage require that the car be 
taken to a central repair area, usually located 
near the end of the line. A crew of skilled 
trouble-shooters at this stage analyze and 
repair all problems. When the vehicle passes 
final audit it is given a price label and driven 
to a staging lot where it will await shipment 
to its destination. 

Quality Control 

All of the components that go into the auto¬ 
mobile are produced at other sites. This 
means the thousands of component pieces 
that comprise the car must be manufactured, 







Automobile 


tested, packaged, and shipped to the assem¬ 
bly plants, often on the same day they will be 
used. This requires no small amount of plan¬ 
ning. To accomplish it, most automobile 
manufacturers require outside parts vendors 
to subject their component parts to rigorous 
testing and inspection audits similar to those 
used by the assembly plants. In this way the 
assembly plants can anticipate that the prod¬ 
ucts arriving at their receiving docks are 
Statistical Process Control ( SPC) approved 
and free from defects. 

Once the component parts of the automobile 
begin to be assembled at the automotive fac¬ 
tory, production control specialists can follow 
the progress of each embryonic automobile 
by means of its Vehicle Identification Number 
(VIN), assigned at the start of the production 
line. In many of the more advanced assembly 
plants a small radio frequency transponder is 
attached to the chassis and floor pan. This 
sending unit carries the VIN information and 
monitors its progress along the assembly 
process. Knowing what operations the vehi¬ 
cle has been through, where it is going, and 
when it should arrive at the next assembly 
station gives production management person¬ 
nel the ability to electronically control the 
manufacturing sequence. Throughout the 
assembly process quality audit stations keep 
track of vital information concerning the 
integrity of various functional components of 
the vehicle. 

This idea comes from a change in quality 
control ideology over the years. Formerly, 
quality control was seen as a final inspection 
process that sought to discover defects only 
after the vehicle was built. In contrast, today 
quality is seen as a process built right into the 
design of the vehicle as well as the assembly 
process. In this way assembly operators can 
stop the conveyor if workers find a defect. 
Corrections can then be made, or supplies 
checked to determine whether an entire batch 
of components is bad. Vehicle recalls are 
costly and manufacturers do everything pos¬ 
sible to ensure the integrity of their product 
before it is shipped to the customer. After 
the vehicle is assembled a validation process 
is conducted at the end of the assembly line 
to verify quality audits from the various 
inspection points throughout the assembly 
process. This final audit tests for properly 
fitting panels; dynamics; squeaks and rattles; 


functioning electrical components; and 
engine, chassis, and wheel alignment. In 
many assembly plants vehicles are periodi¬ 
cally pulled from the audit line and given full 
functional tests. All efforts today are put 
forth to ensure that quality and reliability are 
built into the assembled product. 

The Future 

The development of the electric automobile 
will owe more to innovative solar and aero¬ 
nautical engineering and advanced satellite 
and radar technology than to traditional auto¬ 
motive design and construction. The electric 
car has no engine, exhaust system, transmis¬ 
sion, muffler, radiator, or spark plugs. It will 
require neither tune-ups nor—truly revolu¬ 
tionary—gasoline. Instead, its power will 
come from alternating current (AC) electric 
motors with a brushless design capable of 
spinning up to 20,000 revolutions/minute. 
Batteries to power these motors will come 
from high performance cells capable of gen¬ 
erating more than 100 kilowatts of power. 
And, unlike the lead-acid batteries of the past 
and present, future batteries will be environ¬ 
mentally safe and recyclable. Integral to the 
braking system of the vehicle will be a power 
inverter that converts direct current electric¬ 
ity back into the battery pack system once the 
accelerator is let off, thus acting as a genera¬ 
tor to the battery system even as the car is 
driven long into the future. 

The growth of automobile use and the 
increasing resistance to road building have 
made our highway systems both congested 
and obsolete. But new electronic vehicle 
technologies that permit cars to navigate 
around the congestion and even drive them¬ 
selves may soon become possible. Turning 
over the operation of our automobiles to 
computers would mean they would gather 
information from the roadway about conges¬ 
tion and find the fastest route to their 
instructed destination, thus making better use 
of limited highway space. The advent of the 
electric car will come because of a rare con¬ 
vergence of circumstance and ability. 
Growing intolerance for pollution combined 
with extraordinary technological advance¬ 
ments will change the global transportation 
paradigm that will carry us into the twenty- 
first century. 
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Automobile Windshield 


Background 

Glass is a versatile material with hundreds of 
applications, including windshields. Glass 
has a long history and was first made more 
than 7,000 years ago in Egypt, as early as 
3,000 b.c. Glass is found in a natural state as 
a by-product of volcanic activity. Today, 
glass is manufactured from a variety of 
ceramic materials (main components are 
oxides). The main product categories are flat 
or float glass, container glass, cut glass, 
fiberglass, optical glass, and specialty glass. 
Automotive windshields fall into the flat 
glass category. 

There are more than 80 companies world¬ 
wide that produce automotive glass, includ¬ 
ing windshields. Major producers in the 
United States include PPG, Guardian 
Industries Corp., and Libby-0wens Ford. 
According to the Department of Commerce, 
25 percent of flat glass production is con¬ 
sumed by the automotive industry (including 
windows) at a total value of approximately 
$483 million. In Japan, 30 percent of flat 
glass goes to the automotive industry, valued 
at around $190 billion in 1989. Major 
Japanese flat glass manufacturers include 
Asahi Glass Co., Central Glass Co., and 
Nippon Sheet Glass Co. Little growth is 
expected for the flat glass industry overall in 
both countries. Germany has a more positive 
outlook, with high growth rates expected 
from the automotive industry. 

Glass windshields first appeared around 1905 
with the invention of safety glass—glass tem¬ 
pered (tempering is a heat treatment) to make 
it especially hard and resistant to shattering. 
This type of windshield was popular well into 
the middle of the century, but it was eventu¬ 


ally replaced by windshields made of lami¬ 
nated glass—a multilayer unit consisting of a 
plastic layer surrounded by two sheets of 
glass. In many countries, including the U.S., 
auto windshields are required by law to be 
made of laminated glass. Laminated glass can 
bend slightly under impact and is less likely 
to shatter than normal safety glass. This qual¬ 
ity reduces the risk of injury to the automo¬ 
bile’s passengers. 

Raw Materials 

Glass is composed of numerous oxides that 
fuse and react together upon heating to form 
a glass. These include silica (SiCh), sodium 
oxide (Na20), and calcium oxide (CaO). 
Raw materials from which these materials 
are derived are sand, soda ash (Na2C0.3), and 
limestone (CaCCL). Soda ash acts as a flux; 
in other words, it lowers the melting point of 
the batch composition. Lime is added to the 
batch in order to improve the hardness and 
chemical durability of the glass. Glass used 
for windshields also usually contains several 
other oxides: potassium oxide (K 2 O derived 
from potash), magnesium oxide (MgO), and 
aluminum oxide (ALCh derived from 
feldspar). 

The Manufacturing 
Process 

I The raw materials are carefully weighed 
in the appropriate amounts and mixed 
together with a small amount of water to pre¬ 
vent segregation of the ingredients. Cullet 
(broken waste glass) is also used as a raw 
material. 

2 Once the batch is made, it is fed to a 
large tank for melting using the float 


A bi-layer windshield has 
been developed that 
consists of one sheet of 
glass joined to a single 
sheet of polyurethane. 
Unique features of this 
windshield include 
ultraviolet resistance, self- 
healing of scratches, 
weight savings, more 
complex shapes, 
increased safety due to 
retention of glass splinters, 
and anti-fog capability. 
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The glass for automible windshields 
is made using the float glass 
process. In this method, the raw 
material is heated to a molten state 
and fed onto a bath of molten tin. 
The glass literally floats on top of the 
tin; because the tin is perfectly flat, 
the glass also becomes flat. From 
the float chamber, the glass passes 
on rollers through an oven (the 
"annealing lehr"). After exiting the 
lehr and cooling to room tempera¬ 
ture, the glass is cut to the proper 
shape and tempered. 


glass process. First, the batch is heated to a 
molten state, and then it is fed into a tank 
called the float chamber, which holds a bath 
of molten tin. The float chamber is very 
large—from about 13 feet to 26.25 feet (4 to 
8 meters wide and up to almost 197 feet (60 
meters) long; at its entrance, the temperature 
of the tin is about 1,835 degrees Fahrenheit 
(1,000 degrees Celsius), while at the exit the 
tin’s temperature is slightly cooler—1,115 
degrees Fahrenheit (600 degrees Celsius). In 
the float chamber, the glass doesn’t sub¬ 
merge into the tin but floats on top of it, mov¬ 
ing through the tank as though on a conveyor 
belt. The perfectly flat surface of the tin 
causes the molten glass also to become flat, 
while the high temperatures clean the glass 
of impurities. The decreased temperature at 
the exit of the chamber allows the glass to 
harden enough to move into the next cham¬ 
ber, a furnace. 

3 After the glass exits from the float cham¬ 
ber, rollers pick it up and feed it into a 
special furnace called a lehr. (If any solar 
coatings are desired, they are applied before 
the glass enters the lehr.) In this furnace, the 
glass is cooled gradually to about 395 
degrees Fahrenheit (200 degrees Celsius); 
after the glass exits the lehr, it cools to room 
temperature. It is now very hard and strong 
and ready to be cut. 


Cutting and tempering 

4 The glass is cut into the desired dimen¬ 
sions using a diamond scribe—a tool 
with sharp metal points containing diamond 
dust. Diamond is used because it is harder 
than glass. The scribe marks a cut line into 
the glass, which is then broken or snapped at 
this line. This step is usually automated and 
is monitored by cameras and optoelectronic 
measuring systems. Next, the cut piece must 
be bent into shape. The sheet of glass is 
placed into a form or mold of metal or refrac¬ 
tory material. The glass-filled mold is then 
heated in a furnace to the point where the 
glass sags to the shape of the mold. 

After this shaping step, the glass must be 
hardened in a heating step called temper¬ 
ing. First, the glass is quickly heated to about 
1,565 degrees Fahrenheit (850 degrees 
Celsius), and then it is blasted with jets of cold 
air. Called quenching, this process toughens 
the glass by putting the outer surface into 
compression and the inside into tension. This 
allows the windshield, when damaged, to 
break into many small pieces of glass without 
sharp edges. The size of the pieces can also be 
changed by modifying the tempering proce¬ 
dure so that the windshield breaks into larger 
pieces, allowing good vision until the wind¬ 
shield can be replaced. 
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Laminating 

6 After the glass is tempered and cleaned, it 
goes through a laminating process. In this 
process, two sheets of glass are bonded 
together with a layer of plastic (the plastic 
layer goes inside the two glass sheets). The 
lamination takes place in an autoclave, a spe¬ 
cial oven that uses both heat and pressure to 
form a single, strong unit that is resistant to 
tearing. The plastic interlayer is often tinted to 
act as an ultraviolet filter. When laminated 
glass is broken, the broken pieces of glass 
remain bound to the internal tear-resistant 
plastic layer, and the broken sheet remains 
transparent. Thus, visibility remains good. 
Unlike traditional safety glass, laminated 
glass can be further processed—cut, drilled, 
and edge-worked, as necessary. A typical lam¬ 
inated windshield is very thin: each glass layer 
is approximately .03 inch (.76 millimeter) 
thick, while the plastic interlayer is approxi¬ 
mately .098 inch (2.5 millimeters) thick. 

Assembly 

7 After laminating, the windshield is ready 
to be assembled with plastic moldings so 
it can be installed on the car. Known as glass 
encapsulation, this assembly process is usu¬ 
ally done at the glass manufacturer. First, the 
peripheral section of the windshield is set in 
a predetermined position in a mold cavity. 


Next, molten plastic is injected into the 
mold; when it cools, it forms a plastic frame 
around the glass. The windshield assembly is 
then shipped to the car manufacturer, where 
it is installed in an automobile. The installa¬ 
tion is done by direct glazing, a process that 
uses a polyurethane adhesive to bond the 
windshield and automobile body. 

Quality Control 

Process control includes testing of raw mate¬ 
rials and monitoring such process variables 
as melting temperature, furnace atmosphere, 
and glass level. As the glass is formed, pho¬ 
toelectric devices are used to inspect for 
defects automatically. Other automatic 
devices have been developed to measure 
dimensions and radius of curvature after the 
windshield has been formed. 

Safety glass used in windshields must meet 
certain specifications regarding properties 
such as chemical durability, impact resis¬ 
tance, and strength. Standards have been 
developed by the American Society for 
Testing of Materials (ASTM) for measuring 
these properties. Specifications have also 
been developed for windshield performance 
by SAE International, an organization of 
automotive engineers. 


A finished windshield consists of 
two glass layers sandwiched 
around a plastic interlayer. 
Although very thin—about .25 inch 
thick—such laminated glass is very 
strong and is less likely to shatter 
than normal safety glass. In the 
United States, windshields are 
required by law to be made of lam¬ 
inated glass. 
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The Future 

Despite the recent downturn in the automo¬ 
tive industry, long-term prospects are more 
optimistic. Motor vehicle production mar¬ 
kets will be stronger than in recent years, 
raising demand for flat glass products such as 
windshields. Windshields are also increas¬ 
ing in size in order to accommodate newer 
aerodynamic designs, and thus the use of 
glass is increasing relative to the total surface 
area of vehicles. (In fact, some models are 
incorporating glass roofs as well.) 

Such increase in glass area, in turn, has a 
negative impact on comfort systems, namely 
air conditioners, which must be able to adjust 
the higher interior temperatures to a comfort¬ 
able level. To avoid having to use larger air 
conditioning systems, new glass composi¬ 
tions, coated glasses, and aftermarket films 
are being evaluated. These include angle- 
selective glazings that reject high-angle sun, 
and optical switching films that actively or 
passively change transmittance properties. 

One recently developed film, a polymer mul¬ 
tilayer solar control film, can also act as a 
deicing device. The coated plastic substrate 
simply replaces the laminated plastic film in 
conventional windshields. The film can be 
made in any color and can transmit up to 90 
percent of the visible light. Another coating 
is a glaze that consists of silver coating used 
in combination with other metal oxide layers. 
This glaze can reject up to 60 percent of the 
total solar energy, reducing the infrared 
energy by 56 percent. 

In addition, new types of laminated-glass 
windshields are being researched. A bi-layer 
windshield has been developed that only 
requires one outer sheet of glass, .08 to .16 of 
an inch (2-4 millimeters) thick, joined to a .254 
of an inch (1 millimeter) sheet of polyurethane. 
The polyurethane sheet consists of two layers, 
one having high absorption properties and the 
other high surface resistance. Unique features 
of this bi-layer windshield include ultraviolet 
resistance, self-healing of scratches, weight 
savings, more complex shapes, increased 
safety due to retention of glass splinters, and 
anti-fog capability. 

Recycling of windshield components may 
also become a standard practice. Though tra¬ 
ditionally recycling has been difficult 


because of the plastic laminated films, one 
manufacturer has recently developed a cost- 
effective process to remove these layers. 
The recycled glass can be used in several 
applications, including glassphalt for road 
repair. Legislation may also speed up recy¬ 
cling practices, with the introduction of the 
Municipal Solid Waste and Hazardous Waste 
Research Act of 1992. This bill seeks to 
determine the obstacles to increased automo¬ 
tive components recycling and find ways to 
overcome these obstacles. This may eventu¬ 
ally require using fewer resins during manu¬ 
facturing or making sure these resins are 
compatible for recycling. 
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Baking Soda 


Background 

Baking soda is a white crystalline powder 
(NaHCCL) better known to chemists as 
sodium bicarbonate, bicarbonate of soda, 
sodium hydrogen carbonate, or sodium acid 
carbonate. It is classified as an acid salt, 
formed by combining an acid (carbonic) and 
a base (sodium hydroxide), and it reacts with 
other chemicals as a mild alkali. At tempera¬ 
tures above 300 degrees Fahrenheit (149 
degrees Celsius), baking soda decomposes 
into sodium carbonate (a more stable sub¬ 
stance), water, and carbon dioxide. 

The native chemical and physical properties 
of baking soda account for its wide range of 
applications, including cleaning, deodorizing, 
buffering, and fire extinguishing. Baking 
soda neutralizes odors chemically, rather than 
masking or absorbing them. Consequently, it 
is used in bath salts and deodorant body pow¬ 
ders. Baking soda tends to maintain a pH of 
8.1 (7 is neutral) even when acids, which 
lower pH, or bases, which raise pH, are added 
to the solution. Its ability to tabletize makes it 
a good effervescent ingredient in antacids and 
denture cleaning products. Sodium bicarbon¬ 
ate is also found in some anti-plaque mouth¬ 
wash products and toothpaste. When baking 
soda is used as a cleaner in paste form or dry 
on a damp sponge, its crystalline structure 
provides a gentle abrasion that helps to 
remove dirt without scratching sensitive sur¬ 
faces. Its mild alkalinity works to turn up 
fatty acids contained in dirt and grease into a 
form of soap that can be dissolved in water 
and rinsed easily. Baking soda is also used as 
a leavening agent in making baked goods 
such as bread or pancakes. When combined 
with an acidic agent (such as lemon juice), 
carbon dioxide gas is released and is absorbed 


by the product’s cells. As the gas expands 
during baking, the cell walls expand as well, 
creating a leavened product. 

In addition to its many home uses, baking 
soda also has many industrial applications. 
For instance, baking soda releases carbon 
dioxide when heated. Since carbon dioxide is 
heavier than air, it can smother flames by 
keeping oxygen out, making sodium bicar¬ 
bonate a useful agent in fire extinguishers. 
Other applications include air pollution con¬ 
trol (because it absorbs sulfur dioxide and 
other acid gas emissions), abrasive blastings 
for removal of surface coatings, chemical 
manufacturing, leather tanning, oil well 
drilling fluids (because it precipitates cal¬ 
cium and acts as a lubricant), rubber and 
plastic manufacturing, paper manufacturing, 
textile processing, and water treatment 
(because it reduces the level of lead and other 
heavy metals). 

Imported from England, baking soda was 
first used in America during colonial times, 
but it was not produced in the United States 
until 1839. In 1846, Austin Church, a 
Connecticut physician, and John Dwight, a 
farmer from Massachusetts, established a 
factory in New York to manufacture baking 
soda. Dr. Church’s son, John, owned a mill 
called the Vulcan Spice Mills. Vulcan, the 
Roman god of forge and fire, was repre¬ 
sented by an arm and hammer, and the new 
baking soda company adopted the arm and 
hammer logo as its own. Today, the Arm & 
Hammer brand of baking soda is among the 
most widely recognized brand names. 

Named after Nicolas Leblanc, the French 
chemist who invented it, the Leblanc process 
was the earliest means of manufacturing soda 


In addition to its many 
home uses, baking soda 
also has many industrial 
applications: in fire 
extinguishers (because it 
smothers flames); in air 
pollution control (because 
it absorbs sulfur dioxide 
and other acid gas 
emissions); and in water 
treatment (because it 
reduces the level of lead 
and other heavy metals). 
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ash (Na2C03), from which sodium bicarbon¬ 
ate is made. Sodium chloride (table salt) was 
heated with sulfuric acid, producing sodium 
sulfate and hydrochloric acid. The sodium 
sulfate was then heated with coal and lime¬ 
stone to form sodium carbonate, or soda ash. 

In the late 1800s, another method of produc¬ 
ing soda ash was devised by Ernest Solvay, a 
Belgian chemical engineer. The Solvay 
method was soon adapted in the United 
States, where it replaced the Leblanc process. 
In the Solvay process, carbon dioxide and 
ammonia are passed into a concentrated solu¬ 
tion of sodium chloride. Crude sodium bicar¬ 
bonate precipitates out and is heated to form 
soda ash, which is then further treated and 
refined to form sodium bicarbonate of United 
States Pharmacopoeia (U.S.P.) purity. 

Although this method of producing baking 
soda ash is widely used, it is also problematic 
because the chemicals used in the process are 
pollutants and cause disposal problems. An 
alternative is to refine soda ash from trona 
ore, a natural deposit. 

Raw Materials 

Baking soda, or sodium bicarbonate, comes 
from soda ash obtained either through the 
Solvay process or from trona ore, a hard, 
crystalline material. Trona dates back 50 mil¬ 
lion years, to when the land surrounding 
Green River, Wyoming, was covered by a 
600-square-mile (1,554-square-kilometer) 
lake. As it evaporated over time, this lake 
left a 200-billion-ton deposit of pure trona 
between layers of sandstone and shale. The 
deposit at the Green River Basin is large 
enough to meet the entire world’s needs for 
soda ash and sodium bicarbonate for thou¬ 
sands of years. 

Because the synthetic process used in the 
Solvay method presented some pollution 
problems, Church & Dwight Co. Inc. is bas¬ 
ing more and more of its manufacturing on 
trona mining. Another large producer of 
soda ash, the FMC Corporation, also relies 
on trona to manufacture soda ash and sodium 
bicarbonate. Trona is mined at 1,500 feet 
(457.2 meters) below the surface. FMC’s 
mine shafts contain nearly 2,500 (4,022.5 
kilometers) miles of tunnels and cover 24 
square miles (62 square kilometers). Fifteen 


feet (4.57 meters) wide and nine feet (2.74 
meters) tall, these tunnels allow the neces¬ 
sary equipment and vehicles to travel 
through them. 

The Manufacturing 
Process 

Making soda ash 

I Soda ash can be manufactured chemi¬ 
cally using the Solvay process, or it can 
be made from trona ore. If trona ore is used, 
it must first be mined. After it has been 
brought to the surface, the trona ore is trans¬ 
ported to a variety of processing plants. 
There, the ore is refined into a slurry of 
sodium sesquicarbonate, an intermediate 
soda ash product that actually contains both 
soda ash (sodium carbonate) and baking 
soda (sodium bicarbonate). 

Making baking soda 

2 Next, the intermediate soda ash solution 
is put into a centrifuge, which separates 
the liquid from the crystals. The crystals are 
then dissolved in a bicarbonate solution (a 
soda ash solution made by the manufacturer) 
in a rotary dissolver, thereby becoming a sat¬ 
urated solution. This solution is filtered to 
remove any non-soluble materials and is then 
pumped through a feed tank to the top of a 
carbonating tower. 

3 Purified carbon dioxide is introduced 
into the bottom of the tower and held 
under pressure. As the saturated sodium 
solution moves through the tower, it cools 
and reacts with the carbon dioxide to form 
sodium bicarbonate crystals. These crystals 
are collected at the bottom of the tower and 
transferred to another centrifuge, where 
excess solution (filtrate) is filtered out. The 
crystals are then washed in a bicarbonate 
solution, forming a cake-like substance ready 
for drying. The filtrate that is removed from 
the centrifuge is recycled to the rotary dis¬ 
solver, where it is used to saturate more inter¬ 
mediate soda ash crystals. 

The washed filter cake is then dried on 
either a continuous belt conveyor or in a 
vertical tube drier called a flash dryer. The 
theoretical yield from the process, according 
to the Church & Dwight Company, is between 
90 and 95 percent, and the baking soda manu¬ 
factured is more than 99 percent pure. 
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Sorting and storing the 
different grades 

Next, the dried crystals of sodium bicar¬ 
bonate are separated into various grades 
by particle size. Standard grades of sodium 
bicarbonate and special grades are manufac¬ 
tured to meet customers’ specific require¬ 
ments, and particle size is the major 
determinant of grades. Powdered #1 and fine 
granular #2 have a wide range of uses in 
foods, chemicals, and pharmaceuticals. 
Granular grades #4 and #5 are found in foods 
and doughnuts, cleaning compounds, phar¬ 
maceuticals, and many other products. 
Industrial grade sodium bicarbonate is used 
in diverse applications, including oil well 
drilling fluids, fire extinguishing materials, 
and water treatment. 

Each grade goes to a holding bin wherein 
atmosphere, carbon dioxide, and mois¬ 


ture content are controlled to “cure” the 
product. Once cured, the grades are ready to 
be packaged and shipped. 

Quality Control 

The quality of sodium bicarbonate is con¬ 
trolled at every stage of the manufacturing 
process. Materials, equipment, and the 
process itself are selected to yield sodium 
bicarbonate of the highest possible quality. 
According to FMC sources, when the com¬ 
pany constructed plants, it chose materials 
and equipment that would be compatible 
with the stringent quality requirements for 
making pharmaceutical grade sodium bicar¬ 
bonate. FMC also uses Statistical Process 
Control (SPC) to maintain unvarying daily 
quality, and key operating parameters are 
charted to maintain process control. Product 
quality parameters are recorded by lot num- 




An illustration of the baking soda 
manufacturing process. A key step 
in the process occurs in the carbon¬ 
ating tower. Here, the saturated 
soda ash solution moves from the 
top of the tower downward. As it 
falls, the solution cools and reacts 
with carbon dioxide to form sodium 
bicarbonate crystals—baking soda. 
After filtering, washing, and drying, 
the crystals are sorted by particle 
size and packaged appropriately. 
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ber, and samples are kept for two to three 
years. 

All U.S.P. grades meet the United States 
Pharmacopoeia and Food Chemicals Codex 
specifications for use in pharmaceutical and 
food applications. In addition, food grade 
sodium bicarbonate meets the requirements 
specified by the U.S. Food and Drug 
Administration as a substance that is 
Generally Recognized as Safe (GRAS). 

The Future 

At the turn of the twentieth century, 53,000 
tons (48,071 metric tons) of baking soda 
were sold annually. While the population 
increased dramatically, sales by 1990 were 
down to about 32,000 tons (29,024 metric 
tons) per year. Self-rising flour and cake and 
biscuit mixes have decreased the demand for 
baking soda as an important baking ingredi¬ 
ent. Nevertheless, demand for the product is 
still significant. Commercial bakers (particu¬ 
larly cookie manufacturers) are one of the 
major users of this product. One of the most 
important attributes of sodium bicarbonate is 
that, when exposed to heat, it releases carbon 
dioxide gas (CO 2 ) which makes the baking 
goods rise. Sodium bicarbonate is also used 


in the pharmaceutical and health industries, 
and it has other industrial applications as 
well. It therefore continues to be an impor¬ 
tant product for today and for the future. 

Where To Learn More 

Books 

Coyle, L. Patrick, Jr. The World Encyclopedia 
of Food. Facts on File, 1982. 

Root, Waverley and Richard de Rochemont. 
Eating in America: A History. William 
Morrow & Co., Inc., 1976. 

Periodicals and Pamphlets 

Grosswirth, Marvin. “The Wonders of 
NaHCCb,” Science Digest. March, 1976. 

History of the Arm & Hammer Trademark. 
Church & Dwight Co., Inc. 

Sodium Bicarbonate. FMC Corporation. 

Sodium Bicarbonate—Chemical Properties, 
Manufacturing. Church & Dwight Co., Inc. 

— Eva Sideman 
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Background 

Ever since man began to need to move 
things, he has used round rollers to make the 
job easier. Probably the first rollers were 
sticks or logs, which were a big improvement 
over dragging things across the ground, but 
still pretty hard work. Egyptians used logs to 
roll their huge blocks of stone for the pyra¬ 
mids. Eventually, someone came up with the 
idea of securing the roller to whatever was 
being moved, and built the first “vehicle” 
with “wheels.” However, these still had bear¬ 
ings made from materials rubbing on each 
other instead of rolling on each other. It 
wasn’t until the late eighteenth century that 
the basic design for bearings was developed. 
In 1794, Welsh ironmaster Philip Vaughan 
patented a design for ball bearings to support 
the axle of a carriage. Development contin¬ 
ued in the nineteenth and early twentieth cen¬ 
turies, spurred by the advancement of the 
bicycle and the automobile. 

There are thousands of sizes, shapes, and 
kinds of rolling bearings; ball bearings, roller 
bearings, needle bearings, and tapered roller 
bearings are the major kinds. Sizes run from 
small enough to run miniature motors to huge 
bearings used to support rotating parts in 
hydroelectric power plants; these large bear¬ 
ings can be ten feet (3.04 meters) in diameter 
and require a crane to install. The most com¬ 
mon sizes can easily be held in one hand and 
are used in things like electric motors. 

This article will describe only ball bearings. 
In these bearings, the rolling part is a ball, 
which rolls between inner and outer rings 
called races. The balls are held by a cage, 
which keeps them evenly spaced around the 
races. In addition to these parts, there are a 


lot of optional parts for special bearings, like 
seals to keep oil or grease in and dirt out, or 
screws to hold a bearing in place. We won’t 
worry here about these fancy extras. 

Raw Materials 

Almost all parts of all ball bearings are made 
of steel. Since the bearing has to stand up to a 
lot of stress, it needs to be made of very 
strong steel. The standard industry classifica¬ 
tion for the steel in these bearings is 52100, 
which means that it has one percent 
chromium and one percent carbon (called 
alloys when added to the basic steel). This 
steel can be made very hard and tough by heat 
treating. Where rusting might be a problem, 
bearings are made from 440C stainless steel. 

The cage for the balls is traditionally made of 
thin steel, but some bearings now use molded 
plastic cages, because they cost less to make 
and cause less friction. 

The Manufacturing 
Process 

There are four major parts to a standard ball 
bearing: the outer race, the rolling balls, the 
inner race, and the cage. 

Races 

I Both races are made in almost the same 
way. Since they are both rings of steel, the 
process starts with steel tubing of an appro¬ 
priate size. Automatic machines similar to 
lathes use cutting tools to cut the basic shape 
of the race, leaving all of the dimensions 
slightly too large. The reason for leaving 
them too large is that the races must be heat 
treated before being finished, and the steel 


There are thousands of 
sizes, shapes, and kinds of 
rolling bearings. Sizes run 
from small enough to run 
miniature motors to huge 
bearings used to support 
rotating parts in 
hydroelectric power 
plants; these large 
bearings can be ten feet in 
diameter and require a 
crane to install. 
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Surprisingly, the rolling balls start 
out as thick steel wire. Then, in a 
cold heading process, the wire is cut 
into small pieces smashed between 
two steel dies. The result is a ball 
that looks like the planet Saturn, 
with a ring around its middle called 
"flash." 


COLD HEADING 



usually warps during this process. They can 
be machined back to their finished size after 
heat treating. 

2 The rough cut races are put into a heat 
treating furnace at about 1,550 degrees 
Fahrenheit (843 degrees Celsius) for up to 
several hours (depending on the size of the 
parts), then dipped into an oil bath to cool 
them and make them very hard. This harden¬ 
ing also makes them brittle, so the next step 
is to temper them. This is done by heating 
them in a second oven to about 300 degrees 
Fahrenheit (148.8 degrees Celsius), and then 
letting them cool in air. This whole heat 
treatment process makes parts which are both 
hard and tough. 

3 After the heat treatment process, the 
races are ready for finishing. However, 
the races are now too hard to cut with cutting 
tools, so the rest of the work must be done 
with grinding wheels. These are a lot like 
what you would find in any shop for sharpen¬ 


ing drill bits and tools, except that several 
different kinds and shapes are needed to fin¬ 
ish the races. Almost every place on the race 
is finished by grinding, which leaves a very 
smooth, accurate surface. The surfaces where 
the bearing fits into the machine must be 
very round, and the sides must be flat. The 
surface that the balls roll on is ground first, 
and then lapped. This means that a very fine 
abrasive slurry is used to polish the races for 
several hours to get almost a mirror finish. At 
this point, the races are finished, and ready to 
be put together with the balls. 

Balls 

The balls are a little more difficult to 
make, even though their shape is very 
simple. Surprisingly, the balls start out as 
thick wire. This wire is fed from a roll into a 
machine that cuts off a short piece, and then 
smashes both ends in toward the middle. 
This process is called cold heading. Its name 
comes from the fact that the wire is not 
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The bulge around the middle of the 
rolling balls is removed in a 
machining proess. The balls are 
placed in rough grooves between 
two cast iron discs. One disc rotates 
while the other one is stationary; the 
friction removes the flash. From 
here, the balls are heat treated, 
ground, and lapped, which leaves 
the balls with a very smooth finish. 


heated before being smashed, and that the 
original use for the process was to put the 
heads on nails (which is still how that is 
done). At any rate, the balls now look like the 
planet Saturn, with a ring around the middle 
called “ flash.” 

The first machining process removes this 
flash. The ball bearings are put between 
the faces of two cast iron disks, where they 
ride in grooves. The inside of the grooves are 
rough, which tears the flash off of the balls. 
One wheel rotates, while the other one stays 
still. The stationary wheel has holes through it 
so that the balls can be fed into and taken out 
of the grooves. A special conveyor feeds balls 
into one hole, the balls rattle around the 
groove, and then come out the other hole. 
They are then fed back into the conveyor for 
many trips through the wheel grooves, until 
they have been cut down to being fairly 
round, almost to the proper size, and the flash 
is completely gone. Once again, the balls are 
left oversize so that they can be ground to 


their finished size after heat treatment. The 
amount of steel left for finishing is not much; 
only about 8/1000 of an inch (.02 centimeter), 
which is about as thick as two sheets of paper. 

6 The heat treatment process for the balls 
is similar to that used for the races, since 
the kind of steel is the same, and it is best to 
have all the parts wear at about the same rate. 
Like the races, the balls become hard and 
tough after heat treating and tempering. After 
heat treatment, the balls are put back into a 
machine that works the same way as the flash 
remover, except that the wheels are grinding 
wheels instead of cutting wheels. These 
wheels grind the balls down so that they are 
round and within a few ten thousandths of an 
inch of their finished size. 

7 After this, the balls are moved to a lap¬ 
ping machine, which has cast iron 
wheels and uses the same abrasive lapping 
compound as is used on the races. Here, they 
will be lapped for 8-10 hours, depending on 
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The four parts of a finished bail 
bearing: inner race, outer race, 
cage, and ball. 



how precise a bearing they are being made 
for. Once again, the result is steel that is 
extremely smooth. 

Cage 

8 Steel cages are stamped out of fairly thin 
sheet metal, much like a cookie cutter, 
and then bent to their final shape in a die. A 
die is made up of two pieces of steel that fit 
together, with a hole the shape of the finished 
part carved inside. When the cage is put in 
between and the die is closed, the cage is 
bent to the shape of the hole inside. The die is 
then opened, and the finished part is taken 
out, ready to be assembled. 

9 Plastic cages are usually made by a 
process called injection molding. In this 
process, a hollow metal mold is filled by 
squirting melted plastic into it, and letting it 
harden. The mold is opened up, and the fin¬ 
ished cage is taken out, ready for assembly. 


Assembly 

Now that all of the parts are made, the 
bearing needs to be put together. First, 
the inner race is put inside the outer race, 
only off to one side as far as possible. This 
makes a space between them on the opposite 
side large enough to insert balls between 
them. The required number of balls is put in, 
then the races are moved so that they are both 
centered, and the balls distributed evenly 
around the bearing. At this point, the cage is 
installed to hold the balls apart from each 
other. Plastic cages are usually just snapped 
in, while steel cages usually have to be put in 
and riveted together. Now that the bearing is 
assembled, it is coated with a rust preventa¬ 
tive and packaged for shipping. 

Qualify Control 

Bearing making is a very precise business. 
Tests are run on samples of the steel coming 
to the factory to make sure that it has the 
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right amounts of the alloy metals in it. 
Hardness and toughness tests are also done at 
several stages of the heat treating process. 
There are also many inspections along the 
way to make sure that sizes and shapes are 
correct. The surface of the balls and where 
they roll on the races must be exceptionally 
smooth. The balls can’t be out of round more 
than 25 millionths of an inch, even for an 
inexpensive bearing. High-speed or precision 
bearings are allowed only five-millionths of 
an inch. 

The Future 

Ball bearings will be used for many years to 
come, because they are very simple and have 
become very inexpensive to manufacture. 
Some companies experimented with making 
balls in space on the space shuttle. In space, 
molten blobs of steel can be spit out into the 
air, and the zero gravity lets them float in the 
air. The blobs automatically make perfect 
spheres while they cool and harden. 
However, space travel is still expensive, so a 
lot of polishing can be done on the ground 
for the cost of one “space ball”. 

Other kinds of bearings are on the horizon, 
though. Bearings where the two objects 
never touch each other at all are efficient to 
run but difficult to make. One kind uses mag¬ 
nets that push away from each other and can 
be used to hold things apart. This is how the 
“mag-lev” (for magnetic levitation) trains are 
built. Another kind forces air into a space 
between two close-fitting surfaces, making 
them float apart from each other on a cushion 
of compressed air. However, both of these 
bearings are much more expensive to build 


and operate than the humble, trusted ball 
bearing. 

Where To Learn More 

Books 

Deere & Company Staff, eds. Bearings & 
Seals, 5th ed. R. R. Bowker, 1992. 

Eschmann, Paul. Ball & Roller Bearings: 
Theory, Design & Application, 2nd ed. 

Harris, Tedric A. Rolling Bearing Analysis, 
3rd ed. John Wiley & Sons, Inc., 1991. 

Houghton, P. S. Ball & Roller Bearings. 
Elsevier Science Publishing Company, Inc., 
1976. 

Nisbet, T. S. Rolling Bearings. Oxford 
University Press, 1974. 

Shigley, J. E. Bearings & Lubrication: A 
Mechanical Designer’s Workbook. McGraw- 
Hill, Inc., 1990. 

Periodicals 

Gardner, Dana. “Ceramics Adds Life to 
Drives,” Design News. March 23,1992, p. 63. 

Hannoosh, J. G. “Ceramic Bearings Enter the 
Mainstream,” Design News. November 21, 
1988, p.224. 

McCarty, Lyle H. “New Alloy Produces 
Quieter Ball Bearings,” Design News. May 
20, 1991, p. 99. 

—Steve Mathias 
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Bar Code Scanner 


The supermarket scanners 
commonplace today are 
known as point-of-sale 
scanners, since the 
scanning is done when 
merchandise is purchased. 
Supermarket scanners 
represent the most 
advanced bar code 
scanners because of the 
particular difficulties 
associated with reading 
bar codes on oddly 
shaped items or items that 
may be dirty, wet, or 
fragile. 


Background 

Many different types of bar code scanning 
machines exist, but they all work on the same 
fundamental principles. They all use the 
intensity of light reflected from a series of 
black and white stripes to tell a computer 
what code it is seeing. White stripes reflect 
light very well, while black stripes reflect 
hardly any light at all. The bar code scanner 
shines light sequentially across a bar code, 
simultaneously detecting and recording the 
pattern of reflected and non-reflected light. 
The scanner then translates this pattern into 
an electrical signal that the computer can 
understand. All scanners must include com¬ 
puter software to interpret the bar code once 
it’s been entered. This simple principle has 
transformed the way we are able to manipu¬ 
late data and the way in which many busi¬ 
nesses handle recordkeeping. 

Bar code scanning emerged in the early 1970s 
as a way to improve the speed and accuracy 
of data entry into computers. Businesses 
were just beginning to exploit computer 
tracking of stock and billing. The challenge 
was to find a quick, efficient, and relatively 
fool-proof method of record entry for compa¬ 
nies (for example warehouses or mail order 
companies) that maintain a small stock of 
high volume items. The use of bar codes 
enabled clerks to keep track of every item 
they sold, shipped or packed without a 
tedious and error-prone keyboard data entry 
process. Bar coding caught on quickly in 
clothing stores, manufacturing plants (such as 
car makers), airline baggage checks, libraries, 
and, of course, supermarkets. The supermar¬ 
ket scanners which are commonplace today 
are known as point-of-sale scanners, since the 
scanning is done when merchandise is pur¬ 


chased; point-of-sale scanning is perhaps the 
most challenging bar code scanning applica¬ 
tion in use today. Supermarket scanners rep¬ 
resent the most advanced design of the 
various types of bar code scanners, because 
of the particular difficulties associated with 
reading bar codes on oddly shaped items or 
items that may be dirty, wet, or fragile. 

The first scanners required human action to 
do the scanning and used very simple light 
sources. The most common was the wand, 
which is still popular because it is inexpen¬ 
sive and reliable. Wand scanners require 
placing the end of the scanner against the 
code, because the light source they use is 
only narrow (focused) enough to distinguish 
between bars and stripes right at the wand 
tip. If the labeled products are oddly shaped 
or dirty, this method is impractical if not 
impossible. 

To make a scanner that works without touch¬ 
ing the code requires a light source that will 
remain in a narrow, bright beam over longer 
distances—the best source is a laser. Using a 
laser beam, the code can be held several 
inches or more from the scanner, and the 
actual scanning action can then take place 
inside the scanner. Rotating, motor-driven 
mirror assemblies, developed in the mid- 
1970s, allowed laser light to be swept over a 
surface so the user didn’t need to move the 
scanner or the code; this technology 
improved scanner reliability and code read¬ 
ing speed. 

Later, holograms were chosen to replace mir¬ 
rors, since they can act just like a mirror but 
are lightweight and can be motorized more 
easily. A hologram is a photographic image 
that behaves like a three-dimensional object 
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when struck by light of the correct wave¬ 
length. A hologram is created by shining a 
laser beam split into two parts onto a glass or 
plastic plate coated with a photographic 
emulsion. Whereas the previous generation 
of scanners worked by rotating a mirror 
assembly, holographic scanners operate by 
spinning a disk with one or more holograms 
recorded on it. 

Researchers at IBM and NEC simultane¬ 
ously developed holographic point-of-sale 
scanners in 1980. Holographic scanning was 
chosen not only because the hologram disks 
could be spun more easily than mirror assem¬ 
blies, but also because a single disk could 
reflect light in many different directions, by 
incorporating different hologram areas on the 
same disk. This helped to solve the problem 
of bar code positioning; that is, codes no 
longer needed to directly face the scan win¬ 
dow. Modem bar code scanners will scan in 
many different directions and angles hun¬ 
dreds of times each second. If you look at 
the surface of a scanner in the checkout lane, 
you will see lots of criss-crossed lines of 
light; this pattern was chosen as the most 
reliable and least demanding on particular 
package orientation. 

Raw Materials 

A holographic bar code scanner consists of 
an assembly of preformed parts. The laser— 
a small glass tube filled with gas and a small 
power supply to generate a laser beam—is 
usually a helium neon (HeNe) laser. In other 
words, the gas tube is filled with helium and 
neon gases, which produce a red light. Red 
light is easiest to detect, and HeNe’s are less 
expensive than other kinds of lasers. They 
are much smaller versions of the types of 
lasers used in light shows or discotheques. 

Lenses and mirrors in the optical assembly 
are made of highly polished glass or plastic, 
which is sometimes coated to make it more or 
less reflective at the red wavelength of light 
being used. The light detection system is a 
photodiode—a semiconductor part that con¬ 
ducts electrical current when light shines on 
it, and no current when no light is present; sil¬ 
icon or germanium photodiodes are the two 
types of photodiodes most commonly used. 

The housing consists of a sturdy case, usu¬ 
ally made of stainless steel, and an optical 


window that can be glass or a very resilient 
plastic. The window material must have 
good optical and mechanical properties; that 
is, it must remain transparent but must also 
seal the scanner from the air, so no dirt or 
dust gets inside and blocks the light or the 
light detector. Defects in the window can 
cause light to be transmitted at an unpre¬ 
dictable angle or not at all; both scenarios 
affect the accuracy of the scanner. 

The holographic disks are made of a sub¬ 
stance called dichromated gelatin (DCG) 
sealed between two plastic disks. DCG is a 
light-sensitive chemical used to record laser 
images, much like photographic film records 
light. It was developed by Dow Chemical 
and Polaroid for their own holographic work, 
and it is sold in liquid form so that it can be 
coated onto a variety of surfaces. DCG holo¬ 
grams are common in holographic jewelry 
(pendents, watch faces, etc.) and in the holo¬ 
graphic spinner disks sold in toy stores. 
DCG will lose a recorded image if it is left in 
the open air, which is why it must be sealed 
between two layers of plastic. 

The spinning motor drive that turns the disk 
is a small electric cylinder with a central 
spinning shaft, similar to the kind available 
in an erector set. The shaft is attached to the 
center of the hologram disk, so that when the 
motor is turned on, the disk spins. 

Design 

Bar code scanners require a team of design¬ 
ers to produce the completed assembly. 
First, a laser recording engineer designs the 
hologram disk. There are a number of 
important features to be considered in this 
design. For instance, the disk must reflect the 
majority of light that hits it (high efficiency), 
it must not distort the light so that the 
reflected beam remains narrow, and it must 
reflect light in the chosen scan pattern while 
it is spinning. Also, the scan pattern must 
maximize the number of readable orienta¬ 
tions at which a bar code can be passed over 
the scan window and still be read. 

The finished disk consists of many different 
holograms recorded in wedges on the same 
disk. Each wedge reflects light at a different 
angle. As the disk spins, the light is scanned 
in a line. The orientation of the lines changes 
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from wedge to wedge. The hologram 
designer also specifies the exact power of 
laser to be used, a choice based on longevity, 
efficiency and safety to the user. 

After the hologram disk is designed, an opti¬ 
cal engineer designs the placement of the 
laser and hologram disk, specifies any lenses 
or mirrors required to steer the light in the 
right direction, and designs the detection sys¬ 
tem so that light reflected from a bar code 
can be read efficiently and reliably. The 
designer must optimize the scanner’s optical 
throw, defined as the furthest distance an 
object can be held away from the scanner 
window and still be read correctly. It is the 
job of the optical designer to consider how 
best to fit the components into the smallest 
space, with the smallest weight and expense, 
while still placing the window at a conve¬ 
nient angle for normal use. For example, a 
supermarket scanner must have the window 
facing up on the checkout stand, even though 
it may be more convenient to put the spin¬ 
ning disk sideways inside the box. 
Additional mirrors can allow both of these 
constraints to be met. 

An electrical engineer determines the best 
method of interpreting the electrical signals 
coming from the photodetector. Electrically, 
the signals must be received and interpreted 
as a sequence of ON signals, (light reflected 
from a white bar), and OFF signals, (no light 
reflected from a black bar). The resulting pat¬ 
tern is then converted by a computer into the 
product information the pattern represents. A 
computer programmer may be employed to 
design the computer software that will trans¬ 
late the code into product information, but the 
job of correctly interpreting the ON/OPT 7 pat¬ 
tern is left to the electrical engineer. 

The Manufacturing 
Process 

After all of the components have been 
designed, they are ready to be made and 
assembled. The hologram disk is generally 
manufactured in-house, while the other com¬ 
ponents—lenses, mirrors, and laser—are usu¬ 
ally purchased from other manufacturers. The 
various parts are then assembled and tested. 

Hologram disk 

I The first step in the manufacturing 
process is to mass produce the hologram 


disk. This disk is replicated from a master 
hologram. All the disks, master and repro¬ 
ductions, are sandwiches made of plastic 
“bread” with DCG filling. Master disks are 
made in sections, one wedge for each differ¬ 
ent reflection angle required in the final disk. 
A typical point-of-sale scanner will have 
between 7 and 16 wedges on a single disk. 
Holographic recording is done with two laser 
beams that intersect at the surface of the 
DCG sandwich, creating the holographic pat¬ 
tern. Adjusting the angle at which the two 
beams meet will change the reflective prop¬ 
erties of each hologram. Each wedge created 
in this way will act like a mirror that is turned 
in a different direction. 

2 Once all the required wedges have been 
recorded, they are assembled and glued 
down on a single transparent plate, which 
can then be replicated. The glue used has 
optical properties that will not distort the 
hologram image, such as glycerin-based 
adhesives will. There are many ways to 
replicate a hologram, but the most common 
for DCG holograms is optical replication. 
The master disk is placed close to, but not 
touching, a blank DCG sandwich disk, and a 
single laser beam is used to illuminate the 
master from behind. This transfers the pat¬ 
tern onto the blank. 

Lenses, mirrors, laser 

3 Other components—lenses, mirrors, 
laser, etc.—are usually purchased from 
an outside manufacturer. Lens, mirror and 
scan window properties are specified during 
the design process. The manufacturer tests 
all of these components as they arrive to con¬ 
firm that they meet specification. Motors 
and lasers are tested for proper operation, 
and some are lifetime tested to make sure 
that the bar code scanner will not fail within 
a reasonable period of time. 

Housing 

4 Housing can be purchased from a metal 
job shop, or it can be fabricated by the 
manufacturer. The size and exact shape of 
the box is specified in design, and manufac¬ 
turing converts those specifications into real¬ 
izable sketches. The parts are machined, 
assembled and tested for strength and dura¬ 
bility. 
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In a bar code scanner, a laser beam 
is directed toward an item with a 
black and white bar code symbol. 
The light is reflected back and 
recorded on a spinning holographic 
disk. A photodetedor then converts 
this light into an electrical signal that 
can be read by a computer. 

The spinning disk consists of a 
chemical substance, DCG, sand¬ 
wiched between two plastic disks. A 
typical holographic disk contains 
between 7 and 12 wedges, each of 
which reflects light at a different 
angle. To make these disks, a disk 
master—comprising the various 
wedges glued onto a single trans¬ 
parent plate—is first prepared. 
Next, a single laser beam illumi¬ 
nates the master from behind, trans- 
fering the pattern onto a blank DCG 
disk placed next to (but not touch¬ 
ing) the master. 
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Final assembly 

Finally, the hologram disk is assembled 
with the spinning motor drive and tested. 
Scanning pattern, direction, and speed are all 
examined. The spinning disk is then assem¬ 
bled with the optical system (the laser and 
mirrors). Placement of the laser often 
depends on space considerations: the laser 
can be aimed directly at the spinning disk, or 
at a mirror that guides the beam to the disk, if 
this makes the package smaller. 

6 The disk and optical system are tested as 
a unit. When the assembly passes 
inspection, it is mounted permanently inside 
the housing and sealed with the scanning 
window. 

Quality Control 

There are several stages to quality control in 
bar code scanner manufacturing. To begin 
with, there are several test criteria that are 
defined within the bar code industry and that 
must be specified by all manufacturers. 
These include: 

• First Pass Read Rate (FPRR)—the per¬ 
centage of time that a code can be read the 
first time it passes the scan window 

• Rejection Rate—the number of scans per 
million which simply won’t be read 

• Read Velocity—the range of speeds with 
which a code may be passed over the sur¬ 
face of a scanner 

These properties will relate to the optical, 
electrical and mechanical properties of the 
scanner. Mechanically, scanners are run for 
several days (and some select units will be 
pulled from production for longer lifetime 
tests—up to several years) to insure that the 
motor will continue to turn the disk consis¬ 
tently at the expected speed. Since the ability 
to differentiate between wide and narrow 
bars in a code is related to the speed at which 
the disk turns, it is critical that the motorized 
disk continue to operate in a predictable way. 
Spinning speed will also relate to Read 
Velocity, and may need to be adjusted to 
match the average speed that a clerk will use 
to drag items through a supermarket check¬ 
out. Mechanical failures may indicate a mis- 
mounted or imbalanced disk or other 


mechanical problems that need to be cor¬ 
rected. 

Optically, scanners are tested for code read¬ 
ing consistency. For a good bar code scan¬ 
ner, this number should be greater than 85 
percent. Commonly, 75 percent to 85 per¬ 
cent is achieved. If the scanner cannot meet 
this criteria, it is sent back for an inspection 
of the optical system—cleanliness of compo¬ 
nents and proper functioning of the laser and 
detection system. 

Electrically, scanners are tested for the 
Rejection Rate. Holographic scanners scan 
the light over a bar code 100-200 times per 
second. This allows the computer to com¬ 
pare many different readings of the code for 
accuracy. But if there is some problem with 
the electronics, the computer will begin to 
“reject” scans, or simply refuse to read them. 
Part of this test uses bar codes that are imper¬ 
fect in some way—codes containing ink 
spots, bars of non-uniform width, etc. The 
manufacturer has to produce a scanner that 
can tolerate some glitches in the code print¬ 
ing process. This is another reason to use a 
multiple scan and cross-check technique. 

The Future 

The future of bar code scanning technology 
will take a number of diverging pathways. 
More general use of bar code scanning 
requires cheaper and smaller light sources 
that will improve simple instruments like the 
wand scanner. Semiconductor lasers, for 
instance, may make the wand a more attrac¬ 
tive instrument to users. In addition, some 
children’s learning tools and toys are starting 
to appear with interactive bar codes rather 
than push buttons. In this way, new modules 
can be added to the same bar code scanning 
toy. There are some home-shopping systems 
that are beginning to exploit this technology, 
allowing people to do grocery or clothes 
shopping at home by scanning selections 
from a catalog using their telephone and a 
modem. 

Laser scanners, on the other hand, are begin¬ 
ning to find more and more complex applica¬ 
tions as the technology becomes more 
reliable and easier to use. More industries 
are using bar coding to track complicated lots 
of custom-manufactured items, record steps 
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in a manufacturing process, and monitor 
activities in their plants. Other optical 
assemblies may be developed that will allow 
this technology to become even more flexi¬ 
ble in size and utility. 

Where To Learn More 

Books 

Adams, Russ. Reading Between the Lines: 
An Introduction to Bar Code Technology, 4th 
ed. Helmers Publishing, Inc., 1989. 

Brophy, Peter. Computers Can Read. Gower 
Publishing Co, 1986. 

Burke, Harry E. Handbook of Bar Coding 
Systems. Van Nostrand Reinhold Co., 1984. 

Marshall, Gerald F., Laser Beam Scanning, 
Marcel Dekker, 1985. 


Sobczak, Thomas. Applying Industrial Bar 
Coding. Society of Manufacturing Engineers, 
1985. 

Periodicals 

Kramer, Charles. “Holographic Laser Scan¬ 
ners for Non-Impact Printing,” Laser Focus. 
June, 1981, p. 70. 

“Bar Code Scanner Replaces Data Entry 
Without a Decoder,” Purchasing. September 
27, 1990, p. 101. 

Schwartz, Evan I. “They Just May Have Built 
a Better Bar Code,” Business Week. 
September 28,1992, p. 122K. 

Stamper, Bonney. “What Happens When a 
Scanner Reads a Bar Code?,” Industrial 
Engineering. October, 1992, p. 34. 

—Leslie G. Melcer 
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The baseball has 
undergone only one 
significant change since 
1930: a shortage in the 
supply of horses in 1974 
prompted a switch from 
horsehide to cowhide 
covers. 


Background 

The baseball traces its origin to the game of 
the same name. Modern baseball evolved 
from the English game of “rounders” in the 
first half of the 19th century. Alexander 
Cartwright of New York formulated the 
basic rules of baseball in 1845, calling for the 
replacement of the soft ball used in rounders 
with a smaller hard ball. 

Despite its uncomplicated appearance, the 
baseball is in fact a precision-made object, and 
one that has often been the subject of heated 
controversy throughout its history. Although 
baseballs have changed very little in this cen¬ 
tury, either in terms of their physical dimen¬ 
sions or raw materials, some observers have 
suggested that the balls have secretly been 
“juiced up” to increase the output of crowd¬ 
pleasing homeruns during periods of lagging 
attendance at major league baseball games. 
The manufacturers of baseballs and Major 
League Baseball have steadfastly denied such 
allegations, however, and no proof of any 
covert alterations in the ball’s design or com¬ 
position has ever been produced. 

An official Major League baseball consists 
of a round cushioned cork center called a 
“pill,” wrapped tightly in windings of wool 
and polyester/cotton yarn, and covered by 
stitched cowhide. Approximately 600,000 
baseballs are used by all Major League teams 
combined during the course of a season. The 
average baseball remains in play for only 
five to seven pitches in a Major League 
game. Each ball must weigh between 5 and 
5.25 ounces (141.75-148.83 grams) and mea¬ 
sure between 9 and 9.25 inches (22.86-23.49 
centimeters) in circumference to conform to 
Major League standards. 


Such uniformity was nonexistent in the early 
years of baseball’s history, when balls were 
either homemade or produced on a custom- 
order basis as a sideline by cobblers, tanners 
and other small business owners. In 1872, 
the modern standard for the baseball’s 
weight and size was established. The produc¬ 
tion of balls became more consistent during 
the remainder of the decade, thanks largely 
to the demands made on manufacturers by 
the newly formed National League, the first 
professional baseball league. 

At the turn of the centuiy, the baseball had a 
round rubber core. This gave way in 1910 to 
the livelier cork-centered ball, which was 
itself replaced two decades later by the even 
more resilient cushioned cork model. The 
baseball has undergone only one significant 
change since that time, when a shortage in 
the supply of horses in 1974 prompted a 
switch from horsehide to cowhide covers. 


Raw Materials 

A baseball has three basic parts: the round 
cushioned cork pill at its core, the wool and 
poly/cotton windings in its midsection, and 
the cowhide covering that makes up its exte¬ 
rior. 

The pill consists of a sphere, measuring % 
of an inch (2.06 centimeters) in diameter, 
made of a cork and rubber composition mate¬ 
rial. This sphere is encased in two layers of 
rubber, a black inner layer and a red outer 
layer. The inner layer is made up of two 
hemispheric shells of black rubber that are 
joined by red rubber washers. The entire pill 
measures 4 -A inches (10.47 centimeters) in 
circumference. 
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There are four distinct layers of wool and 
poly/cotton windings that surround the cush¬ 
ioned cork pill in concentric circles of vary¬ 
ing thickness. The first winding is made of 
four-ply gray woolen yam, the second of 
three-ply white woolen yarn, the third of 
three-ply gray woolen yam, and the fourth of 
white poly/cotton finishing yarn. The first 
layer of wool is by far the thickest. When 
wrapped tightly around the pill, it brings the 
circumference of the unfinished ball to 7-34 
inches (19.68 centimeters). The circumfer¬ 
ence increases to 8- 3 /is inches (20.77 centime¬ 
ters) after the second winding has been 
applied, 8- 3 /< inches (22.22 centimeters) after 
the third, and 8- 7 /« (22.52 centimeters) after 
the fourth. 

Wool was selected as the primary material for 
the baseball’s windings because its natural 
resiliency and "memory” allow it to compress 
when pressure is applied, then rapidly return 
to its original shape. This property makes it 
possible for the baseball to retain its perfect 
roundness despite being hit repeatedly during 
a game. A poly/cotton blend was selected for 
the outer winding to provide added strength 
and reduce the risk of tears when the ball’s 
cowhide cover is applied. 

The baseball’s outer cover is made of Number 
One Grade, alum-tanned full-grained cowhide, 
primarily from Midwest Holstein cattle. 
Midwest Holsteins are preferred because their 
hides have a better grain and are cleaner and 
smoother than those of cattle in other areas of 
the United States. The cover of an official 
baseball must be white, and it must be stitched 
together with 88 inches (223.52 centimeters) 
of waxed red thread. Cowhides are tested for 
17 potential deficiencies in thickness, grain 
strength, tensile strength and other areas before 
they are approved for use on official Major 
league baseballs. 

The Manufacturing 
Process 

The production of a baseball can be viewed 
as a process of placing successive layers of 
material (rubber, fabric and cowhide) around 
a rubbery sphere not much bigger than a 
cherry. These materials are placed around the 
small sphere in three distinct ways: the rub¬ 
ber is molded, the fabric is wound, and the 
cowhide is sewn. The placement of materi¬ 


B a&ebaV wrote Mark Twain (Somuel L. Clemens), 'is the very symbol, the 
Outward and visible expression of the drive and push arid rush nnd strug 
gle of the raging, tearing booming nineteenth century." Baseball initially 
evolved into a favori*e American sport because it was foster paced and more 
physical than its English predecessors, cricket, town-ball, and lounders. 
Though cricket was played wherever English immigrants congregated in the 
United States, Americans seemed to prefer ihn morn aggressive character of 
baseball Initially played by gentlemen in fashionable clothing, the game and 
itt nqntpmiwif—and its popularity—began ta change onco rules were written 
dawn in the IBAOs In particular, the game gained tremendous popularity 
after tho Civil War The boll itsalf was changed at least twice in thot century: 
the lit it ball was too lively (scores sometimes exceeded 100 runs), the second 
was too deed (a scoreless 24-inning game convinced many thot hitteis were 
disadvantaged] 

A. G. Spalding mode headline news Iri 188B-89 when fie led a widely pop¬ 
ular lour of ArnBncon basebaH players tho! played demonstration gomes in 
countries u'aur-d the world Hy the turn gf the century, Spalding was market 
ing four baseballs in boy’s size and eight in regulation s it, each costing 
from four cents la one ddlai 

Wll/iani 5 Fmtrm 


als around the sphere is done under carefuWy 
controlled conditions to ensure that consis¬ 
tent size, shape and quality are maintained. 


Molding rubber 

I Two hemispheric shells of black rubber, 
each approximately 5 /n of an inch (.39 
centimeter) thick, are molded to a sphere of 
rubberized cork measuring % of an inch 
(2.06 centimeters) in diameter. The two 
small openings that separate these shells are 
sealed with red rubber gaskets. 
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The first step in manufacturing a 
baseball involves molding two shells 
of black rubber to a rubberized cork. 
After a thin layer of red rubber is 
molded to the ball and a layer of 
cement is applied, wool yarn is 
wound around the ball. The yam is 
wound in three layers: four-ply gray 
yarn, followed by three-ply white 
yam, and finally three-ply gray yam. 

A final layer of poly/cotton finish¬ 
ing yarn is next wrapped around 
the ball. The final layer is the 
cowhide cover, consisting of two 
figure-eight pieces that are stapled 
to the ball and then stitched 
together. 



Cork center 

Rubber 
covering 




4-ply gray yarn 
^ 3-ply white yarn 
it-3-ply gray yarn 






2 Next, a layer of red rubber roughly 34 of 
an inch (.24 centimeter) thick is molded 
to the black rubber encasement. The entire 
“pill” is then molded into a perfect circle 
weighing approximately 34 of an ounce 
(24.80 grams) with a circumference of 
roughly 4-!4 inches (10.48 centimeters). 
Once the pill has been molded, a thin layer of 
cement is applied to its surface. This layer 
keeps the wool yam in place on the pill at the 
start of the first winding operation. 

Winding fabric 

3 Wool yam, stored under controlled fab¬ 
ric temperature and humidity conditions, 
is wound around the pill. This is done by 
computerized winding machines that main¬ 
tain a constant level of very high tension to 
eliminate “soft spots,” and create a uniform 
surface. After each step in the winding 
process, the ball is weighed and measured by 
computer to assure that official size require¬ 
ments have been met. The wool yarn is 


wound so tightly that it has the appearance of 
thread when a baseball is dissected. Three 
layers of wool are wound around the base¬ 
ball: the first, 121 yards (110.6 meters) of 
four-ply gray yarn; the second, 45 yards 
(41.13 meters) of three-ply white; and the 
third, 53 yards (48.44 meters) of three-ply 
gray. 

4 A layer of 150 yards (137.1 meters) of 
fine poly/cotton finishing yarn is 
wrapped around the ball to protect the wool 
yam and hold it in place. The wound ball is 
then trimmed of any excess fabric and pre¬ 
pared for the application of the external 
cowhide covering by being dipped in an 
adhesive solution. 

Sewing hide 

The cowhide covering is cut into two fig¬ 
ure-8 patterns. Each pattern covers half 
the wound ball. Before they are stitched to 
the wound ball, the cowhide coverings are 
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dampened to increase their pliability. The 
insides of the coverings also receive a coat¬ 
ing of the same adhesive that was applied to 
the wound ball. 

6 The two figure-8 coverings are stapled to 
the wound ball, then they are hand-sewn 
together using 88 inches (223.52 centime¬ 
ters) of waxed red thread. There are 108 
stitches in the sewing process, with the first 
and last completely hidden. An average of 
13 to 14 minutes is required to hand-sew a 
baseball. 

7 After the covers have been stitched 
together, the staples are removed and the 
ball is inspected. The ball is then placed in a 
rolling machine for 15 seconds to level any 
raised stitches. The baseballs are then mea¬ 
sured, weighed and graded for appearance. 
Acceptable baseballs are stamped with the 
manufacturer’s trademark and league desig¬ 
nation. 



A finished baseball, with 88 inches 
of waxed red thread holding the 
two cowhide covering pieces 
together, weighs between 5 and 
5.25 ounces and measures between 
9 and 9.25 inches in circumference. 


Quality Control 

A statistically representative sample of each 
shipment of baseballs is tested to measure 
Co-Efficient Of Restitution (COR), using 
Major League Baseball’s officially sanc¬ 
tioned testing procedures. Essentially, the 
COR is an indication of the resiliency of a 
baseball. 

The COR test involves shooting a baseball 
from an air cannon at a velocity of 85-feet-a- 
second (25.90-meters-a-second) at a wooden 
wall from a distance of eight feet (2.43 
meters), and measuring the speed with which 
the ball rebounds off the wall. Major League 
COR specifications stipulate that a baseball 
must rebound at 54.6 percent of the initial 
velocity, plus or minus 3.2 percent. 

A baseball must also retain its round shape 
after being hit 200 times by a 65-pound 
(29.51 kilograms) force. As proof of its 
strength, a baseball must distort less than 
0.08 of an inch (.20 centimeter) after being 
compressed between two anvils. 

The Future 

The size of baseballs and the raw materials 
used to make them are likely to remain 
unchanged in the foreseeable future. Also, 


few, if any, changes are expected in the 
process by which baseballs are manufac¬ 
tured. 

Attempts have been made to automate the 
process of sewing cowhide covers on base¬ 
balls, but none has been successful. 
Automated machines that have been experi¬ 
mented with have exhibited two serious 
problems: first, they have been unable to 
start or stop the stitching process without 
manual assistance; and second, they have 
been unable to vary the tension of their 
stitches, something that is essential if the two 
figure-8 coverings are to fit securely on the 
wound ball without tearing. 

It is also probable that the controversy about 
juiced-up balls will continue as long as the 
game of baseball is played and fans seek an 
explanation for fluctuations in the homerun 
output of favorite teams and players. 

Where To Learn More 

Books 

Cleary, David Powers. Great American 
Brands. Fairchild Applications, 1981. 

Danzig, Allison and Joe Reichler. The 
History of Baseball. Prentice Hall, 1959. 
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James, Bill. The Bill James Historical 
Baseball Abstract. Villard Books, 1986. 

Seymour, Harold. Baseball: The People’s 
Game. Oxford University Press, 1990. 

Thom, John and Bob Carroll, eds. The Whole 
Baseball Catalog. Fireside Books, 1990. 


Periodicals 

“Batter Up for a Baseball Factory Tour,” 
Southern Living. November, 1989, p. 34. 

— Suzy Fucini 



Baseball Glove 


Background 

Wearing a glove to protect one’s catching 
hand was not considered a manly thing to do 
in the years following the Civil War, when the 
game of baseball spread through the country 
with the speed of a cavalry charge. It’s uncer¬ 
tain who was the first to wear a baseball glove; 
nominees include Charles G. Waite (or Waitt), 
who played first base for a professional 
Boston team in 1875, and Doug Allison, a 
catcher for the Cincinnati Red Stockings in 
1869. Waite was undoubtedly concerned 
about his reputation; the gloves were flesh 
colored to make them less obvious. 

By 1880, a padded catcher’s mitt had 
appeared, and by the turn of the twentieth 
century, most players were wearing gloves of 
one sort or another. By today’s standards of 
workmanship, and by current expectations of 
what a glove can do for a fielder, the gloves 
of that time were primitive. 

Although the early gloves were not impres¬ 
sive by today’s standards, they still required 
a high level of craftsmanship to produce. 
Gloves were and are a labor-intensive prod¬ 
uct calling for a large amount of individual 
attention. Most of them were heavily padded 
affairs that covered and protected the catch¬ 
ing hand by virtue of the glove’s thickness, 
but did little else. It wasn’t until the late 
1930s that the design of the glove as an aid to 
both catching and playing became a matter of 
importance. Even baseball gloves of twenty 
years ago seem antique compared to present- 
day relatives in their ability to protect the 
hand and help a player catch a ball. 

A modem player can now, with his modem 
glove, make one handed catches; behind the 


plate, a catcher uses his flexible, fitted mitt 
with the surgical sureness of a doctor, pluck¬ 
ing a ball from the air as if he were using a 
pair of tweezers to remove a splinter. The 
two-handed catch, a fielding skill required up 
to only a few years ago and necessary when 
gloves were just large pads, now is consid¬ 
ered a useful but hardly necessary talent. 

Differences among today’s gloves vary from 
the thickness of the heel to the design of the 
web to the deepness of the palm. Outfielders 
tend to prefer large gloves with deep palms, 
to make catching fly balls easier. Infielders 
generally like smaller gloves into which they 
can reach easily to grip and throw the ball to 
another player. Most outfielders will break a 
glove in vertically; infielders tend to prefer 
gloves broken in horizontally. 

Improvements in the design of the glove and 
the efficiency and protection it offers a ball 
player are ongoing. It looks like quite a sim¬ 
ple thing, yet a baseball glove is the fruit of 
more than one hundred years of history and 
more than thirty patents. A baseball glove is 
reflective of a very special creative design 
process that is still very much alive. 

Raw Materials 

Except for small plastic reinforcements at the 
base of the small finger and the thumb, and 
some nylon thread, a glove is made totally of 
leather, usually from cattle. The Texas-based 
Nocona Glove Company, however, uses a 
large quantity of kangaroo hide from 
Australia in addition to leather from cattle. 
Kangaroo hide is somewhat softer than 
leather, and the glove can be used after a 
shorter breaking-in period than usual. 


Outfielders tend to prefer 
large gloves with deep 
palms, to make catching 
fly balls easier. Infielders 
generally like smaller 
gloves into which they can 
reach easily to grip and 
throw the ball to another 
player. 
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The first step in baseball glove man¬ 
ufacture involves die-cutting the 
cowhide into four pieces: shell, lin¬ 
ing, pad, and web. In die-cutting, 
the pieces are cut out of the hide 
with a machine that simulates a 
cookie cutter. 


Generally, cowhides are the predominant 
material in use today, as in the past. Beef cat¬ 
tle hides (two to a steer) are processed by a 
tannery, and the finest hides, those without 
brands, nicks, or other blemishes are sent to 
the glove factories. Tanning is a chemical 
treatment of the hides to give them required 
characteristics, such as flexibility and dura¬ 
bility. If leather were not tanned, it would dry 
and flake in extremely short order. Some 
glove companies compete for quality hides 
with makers of other fine leather products. 
The Rawlings Company depends on one tan¬ 
nery and buys all of the tannery’s product. 

Each cowhide provides the leather for three 
or four gloves. Rawlings, however, cuts and 
tans its own leather for lacing, which has dif¬ 
ferent requirements for durability and flexi¬ 
bility than the rest of the glove. Various 
synthetic materials have been tested for base¬ 
ball gloves, but so far none have demon¬ 
strated the resilience, the stretchability, and 
the feel that leather has, and no replacement 
for leather is on the immediate horizon. 


treated to prevent putrefaction), all of which 
prepares them to be turned into gloves. Once 
at the factory, the cowhides are graded for 
such things as color and tested in a laboratory 
for strength. 

The manufacturing process for baseball 
gloves is fairly simple: the various parts of 
the glove are cut and then sewn together with 
a long string of rawhide leather. Below is a 
more detailed explanation: 

Die-cutting the glove parts 

I The parts of the hide that will be used for 
gloves are die-cut (i.e. cut automatically 
with a machine that simulates a cookie cut¬ 
ter) into four parts—the shell, lining, pad, 
and web. 

2 Early in the process, sometimes even 
before the leather is cut, the lettering— 
usually foil tape—identifying the manufac¬ 
turer is burned into the leather with a brass 
stamping die. 


The Manufacturing 
Process 

By the time cowhides arrive at the factory, 
they have already been cured (salting or dry¬ 
ing to kill bacteria) and tanned (chemically 


Shell and lining 

3 The shell of the glove is sewn together 
while inside-out. It is then turned right- 
side-out, and its lining is inserted. Before 
being reversed, the shell is mulled (wetted or 
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The lacing around the edges of a 
glove is usually one piece of 
rawhide that might be as much as 
80 to 90 inches in length. The lac¬ 
ing begins at the thumb or little fin¬ 
ger and holds the entire glove 
together. Like nearly every other 
step in baseball glove manufacture, 
the lacing must be done manually. 


steamed for flexibility) so that it doesn’t 
crack or rip when it is turned. 

The turned shell is put on a device 
known as a hot hand, which is a hand¬ 
shaped metallic form; its heat helps the shell 
form to its correct size. At this point, the hot 
hand also assures that all the openings for the 
fingers (finger stalls) are open correctly. 

Inserting the pad and plastic 
reinforcements 

A pad is inserted into the heel of a glove. 
Better gloves have two-part pads that 
make it easier for the glove to flex in the cor¬ 
rect direction when squeezed. The padding in 
a glove is made of two layers of leather, hand 
stitched together. Catchers’ mitts, which 
need a thicker palm than other gloves, are 
made with five layers of leather padding. 

6 At this same point, plastic reinforce¬ 
ments are inserted at the thumb and toe 


(little finger) sections of the glove. These 
devices provide added support for the glove 
and protect the player’s fingers from being 
bent backwards accidentally. 

V/eb 

Before all the parts of the glove are laced 
together, the web is fabricated out of sev¬ 
eral pieces of leather. The web can consist of 
anywhere from two to six pieces of leather, 
depending on the type of web desired. 


Lacing and stitching 

8 The lacing around the edges of a glove is 
usually one piece of rawhide that might 
be as much as 80-90 inches (203-228 cen¬ 
timeters) long. The lacing begins at the 
thumb or little finger and holds the entire 
glove together. The final lacing operation is 
at the web section. Some non-leather stitch¬ 
ing is needed for the individual parts—the 
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web, for instance, is usually stitched together 
with nylon thread. 

9 The strap across the back of the hand of a 
glove used to be lined with shearling 
(sheepskin); a synthetic material is now used. 

Catchers’ mitts and first base gloves 
are hand assembled and sewn from 
four parts—palm, pad, back, and web. The 
palm and back are sewn together first, and 
then joined together with the other pieces 
with rawhide lacing. 

The final step is called a lay off opera¬ 
tion; the glove is again placed on a hot 
hand to adjust any shaping problems and to 
make sure that the openings for the fingers 
(finger stalls) have remained open through¬ 
out the manufacturing process. 

Quality Control 

Quality control starts when the hides arrive at 
the factory, where they are graded for such 
things as color and tested in a laboratory for 
strength. Even after a hide is accepted by a 
manufacturer, only a part of it will be usable; 
Rawlings uses about 30 percent of a hide, 
from which it is able to make three or four 
gloves. 

Because making a glove requires so much 
personal attention at each step, there is little 
need for a manufacturer to maintain a full¬ 
blown, quality control department. Each 
craftsman involved in the process functions 
as his or her own quality control person, and 
if a defect in a glove becomes apparent, the 
person who is working on the glove is 
expected to see that the glove is removed 
from production. 

As happens in many areas where a product 
has undergone almost continuous design 
changes for years and years, there are those 
who believe that the older methods and prod¬ 
ucts are better than the new ones. The 
Gloveman (Fremont, California), operated 
by Lee Chilton, specializes in restoring old 
gloves for current use (although it has its 
own line of catcher’s mitts), and Chilton is 
quite serious in his assertion that one of the 
best ways to get a good glove is to buy an old 
one at a flea market, tag sale or second hand 
store, and let his company restore it. 


Professional Gloves 

Although professional gloves might be 
examined with a more critical eye before use, 
and might be the choicest specimens, they 
are the same gloves, sans autographs, that 
anyone can buy in a store. In exchange for 
autograph endorsements, professionals 
receive free gloves (and a fee) from manu¬ 
facturers. 

It is unusual for a professional ball player to 
experiment with different models of gloves, 
or to request an unusual design. According to 
Bob Clevenhagen, Master Glove Designer at 
Rawlings, ball players tend to be “conserva¬ 
tives who stick with what works.” By the 
time a ballplayer is a professional, he has 
found the right glove for himself, and keeps 
using it. Most professionals are using the 
same or similar model glove that they used in 
college, high school, or even little league. 

The Future 

As is true of many older products where 
refinement is the primary goal of the manu¬ 
facturers, baseball glove design is not chang¬ 
ing as rapidly as it did in the past. Previous 
developments included such things as hold¬ 
ing the fingers of the glove together with lac¬ 
ing, changes in the design of the pocket and 
the heel of the glove, and redesigning the 
catcher’s glove so that a catcher can handle a 
ball with one hand, like other fielders. In the 
1950s, Rawlings even devised a six-fingered 
glove at the request of Stan Musial, who 
wanted a single glove that could be used both 
at first base and at other infield positions. 

Large glove manufacturers have seen differ¬ 
ent designs go in and out of style, and some of 
their most famous models have been retired 
from production (such as the Rawlings 
Playmaker, a popular glove of the 1950s). 

Current changes have focused on how the 
glove is used in relation to other players. 
Catchers’ mitts, for example, now have a 
bright, fluorescent edging to make a better tar¬ 
get for a pitcher. In August, 1992, The 
Neumann Tackified Glove Company 
(Hoboken, New Jersey) announced that it 
would begin making black gloves with a white 
palm so that the glove will be a better target 
for one player throwing a ball to another. 
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Where To Learn More 

Books 

Thom, John and Bob Carroll, eds. The Whole 
Baseball Catalogue. Fireside, 1990. 

Periodicals 

Feldman, Jay. “Working Hand In Glove,” 
Sports Illustrated. April 6, 1987, pp. 146- 
150. 

Javor, Ted. “His Innovation Really Caught 
On,” Sporting News. June 25, 1990, p. 6. 


Lindburgh, Richard. “It’s a Brand New 
Ballgame: Sports Equipment for the 1990s,” 
USA Today. May 2, 1990, p. 90-92. 

Lloyd, Barbara. “A Baseball Glove Made To 
Help With Throwing,” New York Times. 
August 22, 1992, p. 46a. 

Wulf, Steve and Jim Kaplan. “Glove Story,” 
Sports Illustrated. May 7, 1990, pp. 66-82. 

—Lawrence H. Berlow 
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Battery 


Volta's invention consisted 
of alternating discs of 
silver and zinc separated 
by leather or pasteboard 
that had been soaked in 
salt water, lye, or some 
alkaline solution. Strips of 
metal at each end of the 
pile were connected to 
small cups filled with 
mercury. When Volta 
touched both cups of 
mercury, he received an 
electric shock. 


Background 

Benjamin Franklin’s famous experiment to 
attract electricity by flying a kite in a light¬ 
ning storm was only one of many late eigh¬ 
teenth- and early nineteenth-century 
experiments conducted to learn about elec¬ 
tricity. The first battery was constructed in 
1800 by Italian Alessandro Volta. The so- 
called voltaic pile consisted of alternating 
discs of silver and zinc separated by leather 
or pasteboard that had been soaked in salt 
water, lye, or some alkaline solution. Strips 
of metal at each end of the pile were con¬ 
nected to small cups filled with mercury. 
When Volta touched both cups of mercury 
with his fingers, he received an electric 
shock; the more discs he assembled, the 
greater the jolt he received. 

Volta’s discovery led to further experimenta¬ 
tion. In 1813, Sir Humphrey Davy con¬ 
structed a pile with 2,000 pairs of discs in the 
basement of the Royal Institution of London. 
Among other applications, Davy used the 
electricity he produced for electrolysis—cat¬ 
alyzing chemical reactions by passing a cur¬ 
rent through substances (Davy separated 
sodium and potassium from compounds). 
Only a few years later, Michael Faraday dis¬ 
covered the principle of electromagnetic 
induction, using a magnet to induce electric¬ 
ity in a coiled wire. This technique is at the 
heart of the dynamos used to produce elec¬ 
tricity in power plants today. (While a 
dynamo produces alternating current (AC) in 
which the flow of electricity shifts direction 
regularly, batteries produce direct current 
(DC) that flows in one direction only.) A 
lead-acid cell capable of producing a very 
large amount of current, the forerunner of 
today’s automobile battery, was devised in 
1859 by Frenchman Gaston Plante. 


In the United States, Thomas Edison was 
experimenting with electricity from both bat¬ 
teries and dynamos to power the light bulb, 
which began to spread in the United States in 
the early 1880s. During the 1860s, Georges 
Leclanche invented the wet cell, which, 
though heavy because of its liquid compo¬ 
nents, could be sold and used commercially. 
By the 1870s and 1880s, the Leclanche cell 
was being produced using dry materials and 
was used for a number of tasks, including 
providing power for Alexander Graham 
Bell’s telephone and for the newly-invented 
flashlight. Batteries were subsequently 
called upon to provide power for many other 
inventions, such as the radio, which became 
hugely popular in the years following World 
War I. Today, more than twenty billion 
power cells are sold throughout the world 
each year, and each American uses approxi¬ 
mately 27 batteries annually. 

Design 

All batteries utilize similar procedures to cre¬ 
ate electricity; however, variations in materi¬ 
als and construction have produced different 
types of batteries. Strictly speaking, what is 
commonly termed a battery is actually a 
group of linked cells. The following is a sim¬ 
plified description of how a battery works. 

Two important parts of any cell are the anode 
and the cathode. The cathode is a metal that 
is combined, naturally or in the laboratory, 
with oxygen—the combination is called an 
oxide. Iron oxide (rust), although too fragile 
to use in a battery, is perhaps the most famil¬ 
iar oxide. Some other oxides are actually 
strong enough to be worked (cut, bent, 
shaped, molded, and so on) and used in a 
cell. The anode is a metal that would oxidize 
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if it were allowed to and, other things being 
equal, is more likely to oxidize than the metal 
that forms part of the cathode. 

A cell produces electricity when one end of a 
cathode and one end of an anode are placed 
into a third substance that can conduct elec¬ 
tricity, while their other ends are connected. 
The anode draws oxygen atoms toward it, 
thereby creating an electric flow. If there is a 
switch in the circuit (similar to any wall or 
lamp switch), the circuit is not complete and 
electricity cannot flow unless the switch is in 
the closed position. If, in addition to the 
switch, there is something else in the circuit, 
such as a light bulb, the bulb will light from 
the friction of the electrons moving through it. 

The third substance into which the anode and 
the cathode are placed is called an elec¬ 
trolyte. In many cases this material is a 
chemical combination that has the property 
of being alkaline. Thus, an alkaline battery is 
one that makes use of an alkaline electrolyte. 
A cell will not produce electricity by itself 
unless it is placed in a circuit that has been 
rendered complete by a simple switch, or by 
some other switching connection in the 
appliance using the battery. 

Designing a cell can lead to many variations 
in type and structure. Not all electrolytes, for 
example, are alkaline. Additionally, the con¬ 
tainer for the electrolyte can act as both a con¬ 
tainer and either the cathode or the anode. 
Some cells draw their oxygen not from a 
cathode but right out of the air. Changes in 
the compositions of the anode and the cath¬ 
ode will provide more or less electricity. 
Precise adjustment of all of the materials used 
in a cell can affect the amount of electricity 
that can be produced, the rate of production, 
the voltage at which electricity is delivered 
through the lifetime of the cell, and the cell’s 
ability to function at different temperatures. 

All of these possibilities do, in fact, exist, 
and their various applications have produced 
the many different types of batteries avail¬ 
able today (lithium, mercury, and so on). For 
years, however, the most common cell has 
been the 1.5 volt alkaline battery. 

Different batteries function better in different 
circumstances. The alkaline 1.5 volt cell is 
ideal for photographic equipment, handheld 


computers and calculators, toys, tape 
recorders, and other “high drain” uses; it is 
also good in low temperatures. This cell has 
a sloping discharge characteristic—it loses 
power gradually, rather than ceasing to pro¬ 
duce electricity suddenly—and will lose per¬ 
haps four percent of its power per year if left 
unused on a shelf. 

Other types of batteries include a lithium/ 
manganese dioxide battery, which has a flat 
discharge characteristic—it provides approx¬ 
imately the same amount of power at the 
beginning of its life as at the end—and can 
be used where there is a need for small, high- 
power batteries (smoke alarms, cameras, 
memory backups on computers, and so on). 
Hearing aids, pagers, and some other types of 
medical equipment frequently use zinc air 
button type batteries, which provide a high 
energy density on continuous discharge. A 
mercury battery is frequently used in many 
of the same applications as the zinc air bat¬ 
tery, because it, too, provides a steady output 
voltage. 

Raw Materials 

This section, as well as the following section, 
will focus on alkaline batteries. In an alkaline 
battery, the cylinder that contains the cells is 
made of nickel-plated steel. It is lined with a 
separator that divides the cathode from the 
anode and is made of either layered paper or 
a porous synthetic material. The canister is 
sealed at one end with an asphalt or epoxy 
sealant that underlies a steel plate, and at the 
other with a brass nail driven through the 
cylinder. This nail is welded to a metal end 
cap and passed through an exterior plastic 
seal. Inside the cylinder, the cathode consists 
of a mixture of manganese dioxide, graphite, 
and a potassium hydroxide solution; the 
anode comprises zinc powder and a potas¬ 
sium hydroxide electrolyte. 

The Manufacturing 
Process 

The cathode 

I ln an alkaline battery, the cathode actually 
doubles as part of the container. Huge 
loads of the constituent ingredients—man¬ 
ganese dioxide, carbon black (graphite), and 
an electrolyte (potassium hydroxide in solu- 
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Mixing the constituent ingredients is 
the first step in battery manufacture. 
After granulation, the mixture is 
then pressed or compacted into pre¬ 
forms—hollow cylinders. The princi¬ 
ple involved in compaction is 
simple: a steel punch descends into 
a cavity and compacts the mixture. 
As it retracts, a punch from below 
rises to eject the compacted pre¬ 
form. 


tion)—are delivered by train and mixed in 
very large batches at the production site. The 
mixture is then granulated and pressed or 
compacted into hollow cylinders called pre¬ 
forms. Depending on the size of the battery 
being made, several preforms may be 
stacked one on top of another in a battery. 
Alternatively, the series of preforms can be 
replaced by an extruded ring of the same 
material. 

2 The preforms are next inserted into a 
nickel-plated steel can; the combination 
of the preforms and the steel can make up the 
cathode of the battery. In a large operation, 
the cans are made at the battery factory using 
standard cutting and forming techniques. An 
indentation is made near the top of the can, 
and an asphalt or epoxy sealant is placed 
above the indentation to protect against leak¬ 
age. 


ial from coming into contact with the anode 
material. As an alternative, a manufacturer 
might use a porous synthetic fiber for the 
same purpose. 

The anode 

4 The anode goes into the battery can next. 

It is a gel composed primarily of zinc 
powder, along with other materials including 
a potassium hydroxide electrolyte. This gel 
has the consistency of a very thick paste. 
Rather than a solution, it is chemically a sus¬ 
pension, in which particles do not settle 
(though an appropriate filter could separate 
them). The gel does not fill the can to the top 
so as to allow space for the chemical reactions 
that will occur once the battery is put into use. 

The seals 


The separator 

3 A paper separator soaked in the elec¬ 
trolyte solution is then inserted inside the 
can against the preforms; the separator is 
made from several pieces of paper laid at 
crossgrains to each other (like plywood). 
Looking down at an open can, one would see 
what looks like a paper cup inserted into the 
can. The separator keeps the cathode mater¬ 


Though the battery is able to produce 
electricity at this point, an open cell is 
not practical and would exhaust its potential 
rapidly. The battery needs to be sealed with 
three connected components. The first, a 
brass “nail” or long spike, is inserted into the 
middle of the can, through the gel material 
and serves as a “current collector.” The sec¬ 
ond is a plastic seal and the third a metal end 
cap. The nail, which extends about two- 
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thirds of the way into the can, is welded to 
the metal end cap and then passed through 
the plastic seal. 

6 This seal is significantly thinner in some 
places than in others, so that if too much 
gas builds up in the can, the seal will rupture 
rather than the entire battery. Some battery 
designs make use of a wax-filled hole in the 
plastic; excess gas pushes through the wax 
rather than rupturing the battery. The seal 
assembly meets the indentation made in the 
can at the beginning of the process and is 
crimped in place. 

7 The opposite end of the can (the positive 
end of the battery) is then closed with a 
steel plate that is either welded in place or 
glued with an epoxy-type cement. 


Th& lab&l 

Before the battery leaves the factory, a 
label is added identifying the type of bat¬ 
tery, its size, and other information. The label 
is often paper that is simply glued to the bat¬ 
tery. One large manufacturer has its label 
design printed on plastic shrink wrap: a loose 
fitting piece of heat-sensitive plastic is 
wrapped around the battery can and then 
exposed to a blast of heat that makes the plas¬ 
tic shrink down to fit tightly around the can. 

Quality Control 

Because battery technology is not especially 
new or exotic, quality control and its results 
are especially important as the basis for 
brand competition. The ability of a battery to 
resist corrosion, to operate well under a vari- 



The container of a typical alkaline 
battery, consisting of preform 
inserted into a steel can, also dou¬ 
bles as the cathode. The anode in 
the middle is a gel composed pri¬ 
marily of zinc powder. The separa¬ 
tor between the anode and cathode 
is either paper or synthetic fiber that 
has been soaked in an electrolyte 
solution. 

In the finished battery, a plastic 
seal, a steel nail, and a metal top 
and bottom have been added. The 
nail is welded to the metal bottom 
and extends about two-thirds of the 
way into the can, through the 
anode. 
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ety of conditions, to maintain a good shelf 
and usage life, and other factors, are the 
direct results of quality control. Batteries 
and ingredients are inspected and tested at 
almost all stages of the production process, 
and the completed batches are subjected to 
stringent tests. 

Environmental Issues 

Although making batteries does present 
some environmental obstacles, none are 
insurmountable. Zinc and manganese, the 
major chemicals in alkaline batteries, do not 
pose environmental difficulties, and both are 
considered safe by the Food and Drug 
Administration (FDA). The major potential 
pollutant in batteries is mercury, which com¬ 
monly accompanies zinc and which was for 
many years added to alkaline batteries to aid 
conductivity and to prevent corrosion. In the 
mid-1980s, alkaline batteries commonly con¬ 
tained between five and seven percent mer¬ 
cury. 

When it became apparent several years ago 
that mercury was an environmental hazard, 
manufacturers began seeking ways to pro¬ 
duce efficient batteries without it. The pri¬ 
mary method of doing this focuses on better 
purity control of ingredients. Today’s alka¬ 
line batteries may contain approximately 
.025 percent mercury. Batteries with no 
added mercury at all (it is a naturally occur¬ 
ring element, so it would be difficult to guar¬ 
antee a product free of even trace qualities) 
are available from some manufacturers and 
will be the industry-wide rule rather than the 
exception by the end of 1993. 

The Future 

Batteries are currently the focus of intense 
investigation by scientists and engineers 
around the world. The reason is simple: sev¬ 
eral key innovations depend on the creation 
of better batteries. Viable electric automo¬ 
biles and portable electronic devices that can 
operate for long periods of time without 
needing to be recharged must wait until more 
lightweight and more powerful batteries are 
developed. Typical lead-acid batteries cur¬ 
rently used in automobiles, for instance, are 
too bulky and cannot store enough electricity 
to be used in electric automobiles. Lithium 
batteries, while lightweight and powerful, are 
prone to leaking and catching fire. 


In early 1993, scientists at Arizona State 
University announced that they had designed 
a new class of electrolytes by dissolving 
polypropylene oxide and polyethylene oxide 
into a lithium salt solution. The new elec¬ 
trolytes appear to be highly conductive and 
more stable than typical lithium electrolytes, 
and researchers are now trying to build pro¬ 
totype batteries that use the promising sub¬ 
stances. 

In the meantime, several manufacturers are 
developing larger, more powerful nickel- 
metal hydride batteries for use in portable 
computers. These new batteries are expected 
to appear in late 1994. 

Where To Learn More 

Books 

Packaged Power. Duracell International 
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Periodicals 

“Plastic May Recharge Battery’s Future,” 
Design News. November 17, 1986, p. 24. 

Greenberg, Jeff. “Packing Power: 
Subnotebook Batteries, Power Management,” 
PC Magazine. October 27, 1992, p. 113. 

Leventon, William. “The Charge Toward a 
Better Battery: Designing a Long-Life 
Battery,” Design News. November 23, 1992, 
p. 91. 

Methvin, Dave. “Battery Contenders Face- 
Off in Struggle To Dominate Market,” PC 
Week. November 12, 1990, p. S21. 

Schmidt, K. F. “Rubbery Conductors Aim at 
Better Batteries,” Science News. March 13, 
1993, p. 166. 

Zimmerman, Michael R. “Better Batteries on 
the Way: Nickel-Metal Hydride Is Short- 
Term Winner,” PC Week. April 26, 1993, p. 
25. 

—Lawrence H. Berlow 
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Bicycle Shorts 


Background 

Bicycle shorts are form-fitting shorts 
designed specifically for the cyclist. A close 
inspection reveals that they differ signifi¬ 
cantly from typical jogging or beach shorts. 
Bicycle short material is usually a light¬ 
weight micro denier or close-knit woven fab¬ 
ric that protects against excessive moisture 
build-up during cycling. Upon removing a 
pair from its package and shaking it, you’ll 
notice that it retains its contoured form, the 
legs slightly bent to accommodate the 
cyclist’s position on a bicycle. Each leg 
extends to just above the knee and ends in an 
elasticized band that prevents the shorts from 
crawling up as the cyclist peddles. To better 
accommodate the contours of the lower 
body, the shorts are usually constructed of 
four, six, or eight separate panels that have 
been seamed together, and their streamlined 
design produces a slimming effect on waist, 
hips, and legs. The shorts also feature a 
padded lining stitched inside the crotch area 
to protect against saddle abrasion and other 
forms of irritating friction and to cushion 
against road bumps. 

Photos of cyclists at the turn of the century 
show them wearing shorts, knickers, or sim¬ 
ply pants with the legs rolled up (although 
women sometimes rode bicycles, only men 
rode competitively at that time). Early bicy¬ 
cle shorts were generally made of cotton or 
wool fabric. As the sport became more popu¬ 
lar and more competitive, cyclists continually 
sought ways to improve their speed. All 
aspects of cycling were examined and 
improved, including not only the bicycle, pro¬ 
tective headgear, and footwear, but the cloth¬ 
ing as well. Cyclists discovered that hunching 
forward over the handlebars reduced wind 
resistance to their upper bodies and helped to 


shave seconds off their time. However, baggy 
trousers that caught the wind negated the ben¬ 
efits of this streamlined position. Another 
problem related to loose-fitting shorts was 
that they formed irritating folds that chafed, 
causing saddle sores that could easily become 
infected from bacteria accumulating between 
sweat and clothing. Cyclists responded to 
these problems by utilizing new fabrics and 
designs. Wind tunnel tests have shown that 
smooth, shiny, satiny material affords the 
least resistance, while stretchy, tight-fitting 
fabric offers an additional advantage: it 
won’t bunch up in the groin area. Today, 
cyclists use synthetic fabrics designed with 
these characteristics, some of the most popu¬ 
lar being Dupont’s Lycra, Coolmax, and 
Supplex. To reduce the problem of moisture 
buildup, cyclists today favor black bicycle 
shorts. Whereas sweat between the legs 
caused discoloration in early bicycle shorts, 
today even multicolored shorts typically fea¬ 
ture black inner panels to combat discol¬ 
oration. 

To lessen chafing, cyclists experimented with 
a number of liner fabrics before settling on 
chamois. This soft cloth not only protected 
best against abrasion, it also provided wicking, 
meaning that it absorbed moisture from the 
skin, carrying it to the surface where air cur¬ 
rents could dry it. Today’s liners are con¬ 
toured to fit the groin area, and they extend 
from front to back, cut in a Y- or an hourglass 
shape. The chamois, usually synthetic, will 
have several layers: the layer that comes in 
direct contact with the skin will be a soft 
“ultrasuede” fabric; the next layer, a cotton 
terry cloth with wicking properties; the third 
layer, a foam or gel cushion, and the outer¬ 
most layer, a close-knit fabric such as nylon or 
combination nylon/Lycra for extra protection 


The shorts also feature a 
padded lining stitched 
inside the crotch area to 
protect against saddle 
abrasion and other forms 
of irritating friction and to 
cushion against road 
bumps. 
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WET SPINNING SPANDEX 


Spandex 
Spinneret Filaments 



Acid 

Coagulating Bath 


Elastic 
Waist Band 


Elastic 
Thigh Band 



The fabric used in bicycle shorts 
usually consists of a blend of poly¬ 
ester, cotton, spandex, and nylon. 
Regardless of the materials used, 
they are usually spun and then com¬ 
bined into a single fabric. In spin¬ 
ning, filaments are drawn out of a 
spinneret, a device that works much 
like a shower head. Some filaments 
(such as spandex) are spun into an 
acid bath, while others are spun 
into open air. 

After combining the threads into a 
single fabric and then washing and 
dyeing, the fabric is cut into various 
panels. After attaching the chamois 
liner, the panels are sewn together 
to form the finished piece. 


against outside elements. Current versions of 
the chamois are also treated with an antibacte¬ 
rial agent to prevent fungal infections (similar 
to athlete’s foot) in the groin area. 

Today, there are two types of shorts: the 
more common bicycle short with an elastic 
waistband and a one-piece, bib type short 
without a waistband that is held up with sus- 
pender-type straps attached to a high Y- or 
U-shaped back panel. This short is mainly 
used by those who feel that the elastic waist 
on standard bicycle shorts hampers their 
breathing. Over the past decade, the tight-fit¬ 
ting or “skin” short has grown in popularity, 
and it can now be found in most major 
department and sports apparel specialty 
stores. Although these shorts are designed 
for cycling, many people wear them for com¬ 
fort and exercise other than cycling. 


Raw Materials 

Choosing fabrics for bicycle shorts entails 
considering several requirements, including 
the degree of waterproofing or water-resis¬ 
tance for wick-dry capabilities, drying time, 
breathability, and windproofing. 

Manufacturers tend to use synthetic fabrics 
such as spandex, a polyurethane fiber that 
returns to its original shape after stretching, 
although they are now blending these fabrics 
with natural fibers like cotton. Spandex is a 
stable fabric that retains its elasticity through 
dyeing, finishing, and frequent laundering. 

The inner liner is called a chamois because it 
was originally made from the chamois, a 
goatlike antelope found in Europe and the 
Caucasus Mountains. Today, the liner is usu- 



ally made from synthetic chamois mechani¬ 
cally molded to match anatomical contours. 
The liner also contains a petroleum-based 
fiber such as polypropylene, which enhances 
its wicking capabilities. Most manufacturers 
have their own fabric labels with similar fab¬ 
ric properties and wicking capabilities. One 
manufacturer, Cannondale, has a patented 
Biosuede 6 chamois liner. Other trade names 
such as Ultrasuede and Supersuede have sim¬ 
ilar properties. 

Design 

Cyclists choose their apparel carefully, par¬ 
ticularly if they compete: a raised seam can 
prove very irritating after several hours of 
strenuous cycling. Designers thus strive to 
develop the optimal cyclewear. Designs 
range from the less expensive four-panel cut 
to the more expensive eight-panel cut. The 
more panels used, the better the contours of 
the final product will match the shape of legs, 
waist, and groin. To accommodate the bent- 
over rider, the panels are cut higher in back 
and lower in front. Designers also consider 
sizing needs, and today this means designing 
bicycle shorts for both men and women. For 
example, the female cyclist needs a bicycle 
short with a small, high waistline that has 
more fullness in the hips than a male cyclist’s 
bicycle short. The liner is also different for 
men and women, offering support and pro¬ 
tection for the former, and a cotton/polyester 
blend for women. Designers first develop 
prototypes that are subjected to rigorous test¬ 
ing and revising before a bicycle short is 
approved for mass production. 

The Manufacturing 
Process 

Although more clothing manufacturers are 
making and distributing bicycle shorts for 
general sport and even nonathletic use, this 
section will describe how the short designed 
for the professional cyclist is manufactured. 

Shorts 

1 First, the fabric (usually a blend of poly¬ 
ester, cotton, spandex, and nylon) must be 
manufactured. This involves spinning and 
combining the various threads into a single 
fabric, washing and drying the fabric, and 
then dyeing it. Next, it is saturated or sprayed 


with a water resistant finish before being cut 
into panels according to pattern specifica¬ 
tions set by the designer. The various panels 
are then carefully sewn together. To avoid 
raised “ridges,” seams may be offset for a 
smoother finish. Finally, elastic is inserted in 
the waistband of the sewn short. Gripper 
elastic bands are also sewn into the cuffs at 
the short’s hem. 

Chamois liner 

2 The chamois liner’s layers are cut out 
according to pattern specifications 
before being bonded or laminated together. 
After assembly, they are stitched along the 
outer edges to prevent fraying. Sometimes, a 
special thread similar to a “soft floss” is used 
to prevent chafing. The finished product will 
have a molded look. It is usually inserted 
inside the bicycle short with a strip of tape to 
hold it in place. Several manufacturers have 
developed a one-piece chamois that does not 
require any seams and avoids any overlap¬ 
ping of material. 

Inspection and shipping 

3 The completed bicycle short is tested for 
defects. After passing inspection, it is 
ready to be packaged and shipped to a 
retailer. 

Quality Control 

Perhaps the most important quality control 
steps occur during the fabric manufacture. 
Chemical make-up, timing and temperature 
are essential factors that must be monitored 
and controlled in order to produce the fabric 
blend with the desired qualities. 

The percentages of the various fibers used in 
a blended fabric must be controlled to stay 
within in the legal bounds of the Textile 
Fiber Identification Act. This act legally 
defines seventeen groups of man-made 
fibers. Six of these seventeen groups are 
made from natural material. They include 
rayon, acetate, glass fiber, metallics, rubber, 
and azion. The remaining eleven fabrics are 
synthesized solely from chemical com¬ 
pounds. They are nylon, polyester, acrylic, 
modacrylic, olefin, spandex, anidex, saran, 
vinal, vinyon, and nytril. 
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The Future 

Apparel companies will continue to improve 
both the function and the fashion of bicycle 
shorts. A number of manufacturers have 
begun to use sponsored athletes to design, 
test, and market their products. Designers 
will continue to experiment with various 
fiber blends. 

Where To Learn More 

Books 

Ballantine, Richard and Richard Grant. 
Richards’ Ultimate Bicycle Book. Dorling 
Kindersley, Inc., 1992. 


Chauner, David and Michael Halstead. The 
Tour De France Complete Book of Cycling. 
Villard Books, Inc., 1990. 

Periodicals 

Bradford, C. “Action Softwear,” Health. 
September, 1988, pp. 45-51. 

Herman, Hank. “Cool Threads,” Men’s 
Health. August, 1990, p. 24. 

Smutko, Liz. “The Seat of Your Pants: 
When It Comes to Cycling Comfort, the Butt 
Stops Here,” Bicycling. February, 1991, pp. 
70-73. 

— Catherine Kolecki 
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Background 

Blood pressure is the pressure that the blood 
exerts against the walls of the arteries as it 
passes through them. Pulse refers to the peri¬ 
odic ejection of blood from the heart’s left 
ventricle into the aorta. The left ventricle, or 
chamber, receives blood from the left atrium, 
another of the heart’s chambers. By con¬ 
tracting, the left ventricle drives the blood 
into the aorta, a central artery through which 
blood is relayed into the arteries of all limbs 
and organs except the lungs. Pulse, transmit¬ 
ted though the arteries as a repeated pressure 
wave, is the mechanism that moves blood 
through the body. 

The high and low points of this pressure 
wave are measured with the sphygmo¬ 
manometer, or blood pressure monitor, and 
are expressed numerically in millimeters of 
mercury. The higher number, systolic pres¬ 
sure, measures the maximum pressure 
exerted on arteries and the heart muscle; the 
lower figure, diastolic pressure, measures 
the minimum pressure exerted. The reading 
of the two measurements indicates how hard 
the human system is working. All physicians 
consider a patient’s blood pressure when 
determining general health or diagnosing 
disease. 

The blood pressure monitor is used in con¬ 
junction with a stethoscope. After fastening 
the constricting band, or cuff, around one of 
the patient’s arms above the elbow, the clini¬ 
cian inflates the cuff by pumping air into it 
with a rubber squeeze bulb until the mercury 
column or the needle of the gauge (also 
known as an aneroid dial) stops moving, 
usually at a point between 150 and 200 mil¬ 
limeters of mercury. The stethoscope is then 


placed over the brachial artery, on the inside 
of the arm at the elbow, while air is slowly 
released from the system via a small valve 
attached to the bulb. The technician watches 
carefully as the air escapes and the pressure 
indicator correspondingly declines. The 
point on the gauge at which the pulse can 
first be heard through the stethoscope indi¬ 
cates systolic pressure, and the gauge’s read¬ 
ing when the sound disappears indicates 
diastolic pressure. Normal pressures vary 
with the individual, but systolic pressure typ¬ 
ically ranges between 110 and 140, while 
diastolic runs from 65 to 80. Pressure above 
normal levels predisposes the patient to such 
health problems as heart disease, stroke, and 
kidney failure. 

Many early attempts at measuring blood 
pressure involved attaching an instrument 
directly to one of the patient’s arteries, a 
painful and dangerous practice. The first 
sphygmomanometer to use an inflated arm- 
band was developed in 1876 by Samuel 
Siegfried von Basch. Twenty years later, the 
Italian physician Scipione Riva-Rocci devel¬ 
oped a more accurate device that soon 
replaced von Basch’s instrument. Riva- 
Rocci’s design was much like today’s moni¬ 
tor, but its operating procedure allowed for 
measuring blood pressure only while the 
heart was contracted. In 1905, the measure¬ 
ment procedure was further refined by 
Nikolai Korotkoff, who added the use of a 
stethoscope to detect pulse rate, thereby 
enabling doctors to measure blood pressure 
while the heart was relaxed as well. 
Korotkoff suspected that both pressure read¬ 
ings were important, and today we realize 
that certain indications, such as a rise in the 
systolic with a stable or falling diastolic pres¬ 
sure, may suggest brain damage. 


Many early attempts at 
measuring blood pressure 
involved attaching an 
instrument directly to one 
of the patient's arteries, a 
painful and dangerous 
practice. The first 
sphygmomanometer to use 
an inflated armband was 
developed in 1876 by 
Samuel Siegfried von 
Basch 
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The neoprene bulb is commonly 
made using vacuum-assisted injec¬ 
tion molding. In this process, molten 
neoprene is injected into a mold of 
the proper shape. The mold is 
equipped with tiny holes, through 
which the air in the chamber is 
drawn out just before the neoprene 
enters. The resulting vacuum causes 
the neoprene to flow into the cavity 
evenly. Within a few seconds after 
injection, the neoprene cools and 
hardens and can be removed. 

The pressure gauge contains two 
phosphor-bronze disks soldered 
together. Some blood pressure 
monitors utilize either a mercury 
manometer or an electronic display. 



Design 

All blood pressure monitors feature an air 
pump device equipped with a control valve, a 
means of indicating pressure, a constricting 
band to be attached to the patient, and the var¬ 
ious connecting hoses that operate the sys¬ 
tem. Although three distinct types of blood 
pressure monitors exist, they differ basically 
in their means of registering pressure: one 
type uses a pressure gauge or dial; another 
type uses a mercury manometer (a manome¬ 
ter is an instrument that measures the pressure 
of liquids and gases); and the third uses an 
electronic or digital display. Despite the 
availability of electronic display sphygmo¬ 
manometers, instruments that use a manome¬ 
ter or a dial are still more popular because 
they are easier to service as well as accurate, 
durable, and inexpensive. This article will 
focus on the dial or pressure gauge type. 

A typical blood pressure monitor features a 
neoprene or rubber pump bulb that a medical 


technician squeezes to build air pressure in 
the system. Increasing air pressure inflates 
the constricting band and provides a pressure 
signal to the manometer or indicating gauge. 
The process is controlled by a valve, which 
has a hose fitting to attach the tube leading to 
the constricting band and gauge. Integral to 
the valve is a one-way flow device that oper¬ 
ates only when the valve is closed. It usually 
consists of a small rubber disk or ball that is 
placed over the air passage from the squeeze 
bulb opening and secured by a screw or clip. 
The compressed air raises the ball slightly 
when the bulb is squeezed, sealing the open¬ 
ing to the atmosphere and forcing air to enter 
the cuff. Upon release of the bulb, the ball 
seals the opening between the bulb and the 
hose, opening the former to the atmosphere 
and allowing it to refill with air. This cycle is 
repeated until the correct starting pressure is 
reached. The manual valve opens a bypass 
route to release the air while readings are 
being taken. 
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The rubber hoses are made by con¬ 
tinuous extrusion, in which molten 
rubber is forced through a die block 
by a rotating screw device. Within 
the block is a rod the same size as 
the inside of the tubing; as the rub¬ 
ber flows around this rod and out of 
the die, it cools and assumes the 
shape of the tubing. It is then cut to 
the proper length. 


Raw Materials 

The dial, or aneroid type, instrument is a 
mechanical pressure gauge that has a pointer 
and dial calibrated in millimeters of mercury. 
The pressure gauge consists of three basic 
groups of parts: a pressure element and 
socket assembly; a movement and dial 
assembly; and a protective case and lens 
assembly enclosing them. The pressure ele¬ 
ment comprises two phosphor-bronze disks 
of approximately .010 inch (.025 centimeter) 
with a formed lip on the outer edge. The 
movement is usually made of polycarbonate 
and brass materials and contains a small gear 
train that amplifies the short travel distance of 
the disks. The movement assembly also sup¬ 
ports the dial, which may be brass, aluminum, 
or plastic. The output shaft of the movement 
is mounted with the aluminum pointer. 

The squeeze bulb is usually rubber or neo¬ 
prene, as are the connecting hoses. The band, 
or cuff, is basically a fabric-covered neo¬ 
prene bladder with a hook and loop (Velcro) 
fastener. The bladder is enclosed in a nylon 
or synthetic fiber fabric, which protects it 
from cuts during use by on-scene rescue 
technicians and reduces patient discomfort. 
The band must be very flexible and durable 
to accommodate the infinite differences in 
patients and situations. The control valve can 
be made of polycarbonate, brass, stainless 
steel, or combinations of these materials. 

The Manufacturing 
Process 

Many manufacturers purchase the compo¬ 
nents of the blood pressure monitor sepa¬ 


rately, then assemble and package the unit 
for sale. Each part has its own manufactur¬ 
ing and assembly process. 

The bulb 

The bulb can be made using various 
processes, but it is most commonly pro¬ 
duced using vacuum-assisted injection mold¬ 
ing. Compressed air is used to blow the 
melted rubber or neoprene material into the 
cavity of a two-piece metal die set featuring 
the negative image of the bulb (the operation 
resembles blowing a gum bubble inside a 
bottle). The die also contains small holes 
through which air is drawn out just before the 
material is injected, helping it flow into the 
die cavity at a uniform thickness. While 
these holes are large enough to allow air to 
escape, they are too small to permit signifi¬ 
cant amounts of the rubber to seep out. The 
remnant of the rubber material that is drawn 
into the holes produces small protuberances 
that resemble the small “whiskers” visible on 
a new tire. Within a few seconds of its injec¬ 
tion, the material has cooled so that the die 
may be opened, revealing the finished bulb. 
After a minimal amount of hand work to 
remove the whiskers, the bulb is ready to be 
attached to the other components. 

The valves 

2 The valves are made by die casting, plas¬ 
tic injection molding, and machining 
from bar material. They incorporate connec¬ 
tion features that allow the bulb and hose to 
be attached. Machined valves can be made 
on a lathe controlled by a computer program 
that instructs it to turn the shape, threads, and 
other features. 
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A finished blood pressure monitor. 
While monitors that use pressure 
gauges for pressure display will 
continue to be popular because of 
their portability, electronic displays 
will increase in use as new power 
sources are developed and the 
design is made more rugged. 
Mercury monitors will likely drop 
from favor because of the haz¬ 
ardous effects of mercury. 



The gauge 

3 The gauge consists of further sub-assem¬ 
blies, each of which contains machined, 
molded, and stamped parts. The most impor¬ 
tant component of the gauge is the pressure 
element. It is constructed by soldering two 
disks together at the formed lip to construct a 
hollow wafer. The pressure from the system 
is introduced into the wafer though a hole in 
the socket connection, which in turn is con¬ 
nected to the squeeze bulb and cuff. As the 
internal pressure increases, the wafer swells. 
It is this swelling that is detected by the 
movement assembly, causing the pointer to 
rotate about the dial. After assembly, the 
gauge must be calibrated. This is accom¬ 
plished by connecting it to a pressure source 
with a master gauge of known accuracy. 
Slight adjustments are made in the move¬ 
ment linkage until the pointer of the gauge 
reflects the correct pressure readings. 

The cuff 

The constricting cuff, or bladder, is 
made by heat sealing two rubber sheets 
together to form a flexible band. A tubing 
fitting is incorporated into this sealing 
process, providing a connection for the air 
supply. A fabric covering is then sewn to the 
bladder by conventional methods. 

The hoses 

The hoses are made by continuous extru¬ 
sion, a process in which pellets of rubber 
or similar material are heated to the melting 


point, at which they become clay-like and 
viscous. Within the same machine, a rotating 
screw device forces this molten material 
through a die block, which is simply a hole in 
an aluminum block the same size as the out¬ 
side of the tubing. Secured within the block 
is a rod that is the same size as the inside of 
the tubing and positioned in the center of the 
hole. As the material flows around the rod 
and out the hole, it cools and assumes the 
shape of the tubing. At this point, it is cut to 
length and coiled onto spools for shipment to 
the assembly facility. 

Assembling the components 

6 At final assembly, hoses are used to con¬ 
nect the components discussed above. 
The hoses are then checked for leaks and the 
calibration is verified. This is a good exam¬ 
ple of JIT (just-in-time ) material requirements 
planning and TQC ( total-quality-concept) 
management. Missing any one of the compo¬ 
nents, the entire assembly is useless. The 
plant must receive the parts and supplies in a 
timely manner to assure delivery of the fin¬ 
ished product to the customer. The items 
must be of satisfactory quality, so they can be 
assembled correctly and without compromis¬ 
ing the design. Many companies today have 
established quality management procedures. 
These procedures are simply intensive studies 
of all aspects of manufacture to eliminate or 
reduce the possibility of producing a defec¬ 
tive part. It is not just making the part, but 
also designing it, selecting the materials, 
choosing packaging selection, and all other 
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aspects that determine the quality of the fin¬ 
ished product. 

The Future 

Medical product manufacturers and their 
suppliers are prone to liability suit due to 
failure (or perceived failure) of their prod¬ 
ucts. A portion of the cost of the instruments 
stems from the costs of insuring and defend¬ 
ing the company against these lawsuits. 
Many companies have discontinued products 
because the liability risk is too much of a 
financial burden for them. For example, the 
mercury type instrument will probably be 
discontinued due to hazardous materials 
issues as discussed above. The electronic 
versions will most likely increase as new 
power source designs and improved rugged¬ 
ness are achieved. Medical technicians and 
therapists rely on measurements of blood 
pressure as a benchmark for health, and con¬ 
sequently, some type of sphygmomanometer 
will always be used. 


Where To Learn More 

Books 

Emergency Care and Transportation of the 
Sick and Injured. The American Academy of 
Orthopedic Surgeons. 

Sphygmomanometers: Electronic or Auto¬ 
mated. Association for the Advancement of 
Medical Instrumentation, 1987. 

Travers, Bridget, ed. World of Invention. 
Gale Research, 1994. 

Periodicals 

Calem, Robert E. “Monitoring Blood 
Pressure Without Skipping a Heartbeat,” New 
York Times. March 28,1993, p. FI 6 (N). 

—Douglas E. Betts 
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In 1937 the rivets on the 
back pockets were moved 
inside in response to 
complaints from school 
boards that the jeans 
students wore were 
damaging chairs and from 
cowboys that their jeans 
were damaging their 
saddles. 


Background 

Blue jeans are casual pants made from denim, 
noted for their strength and comfort. They 
have been worn by sailors and California 
gold miners as sturdy work pants, by the 
young as a statement of their generation, and 
by the fashionable, who are conscious of the 
prestige conveyed by designer names. 

Denim cloth itself has an unusual history. 
The name comes from serge de Nimes, or the 
serge of Nimes, France. Originally, it was 
strong material made from wool. By the 
1700s, it was made from wool and cotton. 
Only later was it made solely from cotton. 
Originally, it was used to make sails, but 
eventually, some innovative Genovese 
sailors thought it fit that such fine, strong 
material would make great pants, or “genes.” 

The name for blue jeans was derived from 
the color of the fabric used to make them. 
Denim was treated with a blue dye obtained 
from the indigo plant. Indigo had been used 
as a dye since 2500 b.c. in such diverse 
places as Asia, Egypt, Greece, Rome, 
Britain, and Peru. Blue jean manufacturers 
imported indigo from India until the twenti¬ 
eth century, when synthetic indigo was 
developed to replace the natural dye. 

Blue jeans in the form we know them today 
didn’t come about until the middle of the 
nineteenth century. Levi Strauss, an enter¬ 
prising immigrant who happened to have a 
few bolts of blue denim cloth on hand, recog¬ 
nized a need for strong work pants in the 
mining communities of California. He first 
designed and marketed “Levi’s” in 1850, and 
they have stayed essentially the same ever 
since; there have been only minor alterations 
to the original design. 


Original Levi’s did not contain rivets. A tai¬ 
lor by the name of Jacob Davis invented riv¬ 
eted pants at the request of a miner who 
complained that regular pants were not 
rugged enough to hold his mining tools. 
Davis subsequently granted Strauss the use of 
his rivet idea, which was patented on May 20, 
1873. Few other changes were made over the 
next century. Zippers replaced button flies in 
1920 (although later button flies had a resur¬ 
gence of popularity) and in 1937 the rivets on 
the back pockets were moved inside in 
response to complaints from school boards 
that the jeans students wore were damaging 
chairs and from cowboys that their jeans were 
damaging their saddles. In the 1960s, they 
were removed entirely from the back pockets. 

Blue jeans started becoming popular among 
young people in the 1950s. In the year 1957, 
150 million pairs were sold worldwide. This 
growing trend continued until 1981 and jeans 
manufacturers were virtually guaranteed 
annual sales increases. In the United States, 
200 million pairs of jeans were sold in 1967, 
500 million in 1977, with a peak of 520 mil¬ 
lion in 1981. When jeans first caught on, 
apologists reasoned that their low price 
determined their huge success. During the 
1970s, however, the price of blue jeans dou¬ 
bled, yet demand always exceeded supply. 
Sometimes manufacturers met the demand 
by providing stores with irregulars; that is, 
slightly defective merchandise that would 
not normally be sold. 

Although the demand for jeans actually 
decreased in the 1980s, a brief surge occurred 
with the introduction of designer jeans to the 
market. Despite the apparent success of 
designer jeans, however, they did not capture 
the majority of the market; jeans have not 
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returned to the height of popularity they 
achieved in the seventies. Manufacturers 
must therefore constantly seek ways to keep 
the demand for blue jeans high. Believing 
that the decrease in demand reflects the 
changing needs of an aging population, jeans 
manufacturers have begun to cater to the 
mature customer by providing roomier, more 
comfortable jeans. Sally Fox, an entomolo¬ 
gist, has developed cottons that naturally 
come in beige, brown, and green. The Levi 
Strauss Company now markets multicolored 
jeans as well. The company hopes to ride the 
popular wave of environmentalism, even 
advertising their new product on recycled 
denim. 

Although blue jeans have remained basically 
the same since they were first designed, they 
have always been versatile enough to meet 
market demands. Since futuristic, yet famil¬ 
iar, “Levi’s” appeared in the movie Star Trek 
V, it can be surmised that manufacturers as 
well as the public, expect blue jeans to be 
around indefinitely. 

Raw Materials 

True blue jeans are made out of 100 percent 
cotton, including the threads. Polyester 
blends are available, however, the over¬ 
whelming majority of jeans sold are 100 per¬ 


cent cotton. The most common dye used is 
synthetic indigo. The belt loops, waistband, 
back panel, pockets, and leggings of a pair of 
blue jeans are all made of indigo-dyed 
denim. Other features of blue jeans include 
the zipper, buttons, rivets, and label. Rivets 
have been traditionally made of copper, but 
the zippers, snaps and buttons are usually 
steel. Designers’ labels are often tags made 
out of cloth, leather, or plastic, while others 
are embroidered on with cotton thread. 

The Manufacturing 
Process 

Denim, unlike many types of cloth (which 
are woven in one place and sent to another 
for dying), is woven and dyed at one loca¬ 
tion. 

Preparing the cotton yarn 

1 There are several steps between ginned 
cotton (cotton after it has been picked 
from fields and processed) and cotton yam. 
The incoming cotton is removed from tightly 
packed bales and inspected before undergo¬ 
ing a process known as carding. In this 
process, the cotton is put through machines 
that contain brushes with bent wire teeth. 
These brushes—called cards —clean, disen¬ 
tangle, straighten, and gather together the 


The first two steps in blue jeans 
manufacture are carding and spin¬ 
ning. In carding, the cotton is put 
through a machine with bent wire 
brushes. The brushes clean, disen¬ 
tangle, straighten, and gather the 
cotton threads into sliver. After sev¬ 
eral slivers are joined together, they 
are put on spinning machines that 
twist and stretch the cotton to form 
yarn. 
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Unlike many other cloths, denim is 
dyed before it is woven. The dye 
used is generally a chemically syn¬ 
thesized indigo. The denim is 
dipped in the dye vat several times 
so that the dye forms many layers. 
This explains why blue jeans fade 
after washing. 

The yarn is then woven on large 
shuttle-less looms. The blue threads 
are woven with white threads, but 
because the blue threads are 
packed closer together than the 
white ones, the blue color domi¬ 
nates the cloth. 


cotton fibers. At this point, the fibers are 
called slivers. 

2 Other machines join several slivers 
together, and these slivers are then pulled 
and twisted, which serves to make the 
threads stronger. Next, these ropes are put on 
spinning machines that further twist and 
stretch the fibers to form yam. 

Dyeing the yarn 

3 Some cloths are woven (see step 5 
below) and then dyed, but denim is usu¬ 
ally dyed with chemically synthesized indigo 
before being woven. Large balls of yarn, 
called ball warps, are dipped in the indigo 
mixture several times so that the dye covers 
the yarn in layers. (These many layers of 
indigo dye explain why blue jeans fade 


slightly with each washing.) Although the 
exact chemicals used in such dyeing proce¬ 
dures remain trade secrets, it is known that a 
small amount of sulfur is often used to stabi¬ 
lize the top or bottom layers of indigo dye. 

4 The dyed yam is then slashed ; that is, it 
is coated with sizing (any one of a vari¬ 
ety of starchy substances) to make the 
threads stronger and stiffer. Once this opera¬ 
tion is complete, the yam threads are ready to 
woven with undyed filling yam threads. 

Weaving the yarn 

The yam is then woven on large mechani¬ 
cal looms. Denim is not 100 percent blue, 
as the blue dyed threads forming the warp 
(long, vertical threads) are combined with 
white threads forming the weft (shorter, hori- 
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zontal threads). Because denim is woven with 
the blue threads packed closer together than 
the white threads and with the blue threads 
covering three out of four white threads, the 
blue threads dominate. (By examining a piece 
of denim closely one can detect the steep diag¬ 
onal pattern that results from this process, 
which is known as a three-by-one right-hand 
twill weave.) Although mechanized looms 
make use of the same basic weaving proce¬ 
dure as a simple hand loom, they are much 
larger and faster. A modem “shuttle-less” 
loom (which uses a very small carrier instead 
of the traditional shuttle to weave the weft 
threads between the warp threads) may pro¬ 
duce as much as 3,279 yards (3,000 meters) of 
cloth 3.28 or 4.37 yards (three or four meters) 
wide in a single week. As much as 1,093 
yards (1,000 meters) of cloth may be rolled 
into a single huge bolt. 


At this point the denim is ready for fin¬ 
ishing, a term referring to a variety of 
treatments applied to cloth after it is woven. 
With denim, finishing is usually fairly sim¬ 
ple. The cloth is brushed to remove loose 
threads and lint, and the denim is usually 
skewed in a way that will prevent it from 
twisting when it is made into clothing. The 
denim may then be sanforized, or preshrunk. 
Preshrunk denim should shrink no more than 
three percent after three washings. 

Making the blue jeans 

7 Once the desired design is selected, pat¬ 
terns from the design are cut from heavy 
paper or cardboard. Up to 80 different sizes 
are possible from one pattern. The pieces of 
denim are then cut with high speed cutting 
machines from stacks 100 layers thick. 



The denim clolb is cut into pattern 
pieces from slacks 100 layers thick. 
High-speed cutting machines are 
used for this process. Once the 
pieces are cut, they are sewn into 
completed pairs of blue jeans. 
Sewing is done in assembly-line 
fashion using human-operated 
sewing machines. 
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Excluding rivets, buttons, and zippers, a pair 
of blue jeans contains about ten different 
pieces, from the pockets to the leg panels to 
the waistband and belt loops. 

8 The pieces of denim are ready to be sewn 
at this point. Sewing is done in an assem¬ 
bly line fashion, with rows of industrial 
human-operated sewing machines. Each 
sewer is assigned a specific function, such as 
making only back pockets. First, the various 
pockets and belt loops are assembled. Next, 
one sewer attaches the pockets to the leg 
seams, another then sews the leg seams 
together, and still another attaches the waist¬ 
band. Once the waist band is secure, the belt 
loops may be stitched on and the buttons 
attached. If the jeans include a zipper, it is 
then sewn into place, and the pants are 
hemmed. Finally, the rivets are placed in the 
appropriate places and the maker’s label is 
sewn on last. 

9 Some jeans are prewashed and/or stone- 
washed to alter the appearance or texture 
of the finished jeans. Prewashing involves 
washing the jeans in industrial detergent for a 
short time to soften the denim. Stone¬ 
washing also means washing the jeans, but 
pumice is added to the load, resulting in a 
faded appearance. Small stones (less than 
one inch [one centimeter] in diameter) pro¬ 
duce an even abrasion, while large stones 
(about four inches [10 centimeters] in diame¬ 
ter) highlight the seams and pockets and pro¬ 
duce a more uneven appearance. 

The completed pair of blue jeans is 
then pressed. They are placed into a 
large pressing machine that steam irons the 
entire garment at once in about a minute. A 
size tag is punched into the material and the 
jeans are folded, stacked, and placed in boxes 
according to style, color, and size before 
being sent to the warehouse for storage. 
When the jeans are selected to be sent to a 
store, they are put in large shipping cartons 
and sent on freight trains or trucks. 

Byproducts/Waste 

The process of cloth making involves treat¬ 
ing the fabric with a number of chemicals in 
order to produce clothing with such desirable 
characteristics such as durability, colorfast¬ 
ness, and comfort. Each step of finishing the 


cotton fabric (dyeing, sanforizing, etc.) pro¬ 
duces byproducts, most of which are 
biodegradable. 

Byproducts of denim manufacture include 
organic pollutants, such as starch and dye, 
which can be treated through biological 
methods. These organic wastes may not be 
dumped into streams or lakes because of 
their high biochemical oxygen demand. To 
decompose, such waste materials utilize so 
much oxygen that the lifeforms in the body 
of water would be denied the oxygen neces¬ 
sary for survival. 

Denim manufacturers process their own 
wastes in compliance with all relevant gov¬ 
ernment regulations. 

Quality Control 

Cotton is a desirable natural fiber for several 
reasons. Cloth made from cotton is wear 
resistant, strong, flexible, and impermeable. 
Blue jeans are only as good as the cotton that 
goes into them, however, and several tests 
exist for cotton fiber. All bales of cotton are 
inspected by the denim manufacturer for the 
desired color, fiber length, and strength. 
Strength is the most important factor in blue 
jeans. It is measured by using a weight to pull 
it. When the fiber breaks, the force used to 
break it is measured. The cotton’s strength 
index (weight of weight divided by weight of 
sample) is then calculated. 

The finished denim cloth is carefully in¬ 
spected for defects. Each defect is rated on a 
government-defined scale ranging from one 
point for very small flaws to four points for 
major defects. Although government regula¬ 
tions allow cloth with a high defect rating to 
be sold, in reality customers will not accept 
denim with more than seven to ten defect 
points per square meter. Poor cloth is sold as 
damaged. Denim is also tested for durability 
and its tendency to shrink. Samples of cloth 
are washed and dried several times to see 
how they wear. 

Blue jeans are also inspected after they are 
completed. If a problem can be corrected, the 
jeans are sent back for re-sewing. The pair is 
then inspected again and passed. The but¬ 
tons are inspected to ensure that they and the 
buttonholes are of the proper size; the snaps. 
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metal buttons, and rivets are checked for 
durability and their ability to withstand rust. 
The zippers must be strong enough to with¬ 
stand the greater pressures of heavy cloth, 
and their teeth durability must be checked as 
well. This is done by subjecting a sample 
zipper to a lifetime of openings and closings. 

Where To Learn More 

Books 

Cray, Ed. Levi’s. Houghton Mifflin, 1978. 

Fehr, Barbara. Yankee Denim Dandies. 
Piper Publishing, 1974. 


Finlayson, Iain. Denim. Simon and Schuster, 
1990. 

Henry, Sondra and Emily Taitz. Everyone 
Wears His Name: A Biography of Levi 
Strauss. Dillon Press, 1990. 

Periodicals 

Adkins, Jan. “The Evolution of Jeans: 
American History 501,” Mother Earth News. 
July/August, 1990, pp. 60-63. 

Brooks, John. “Annals of Business: A 
Friendly Product,” The New Yorker. 
November 12, 1979, pp. 58-94. 


— Rose Secrest 



Book 


Desktop publishing on 
microcomputers has 
become a cost-effective 
alternative to dedicated 
typesetting machines. 
With the proper software 
and a laser printer, users 
can generate text, insert 
graphics, and create page 
designs that are as 
sophisticated as those 
produced by traditional 
typesetting machines. 


Background 

A book can be broadly defined as a written 
document of at least 49 text pages that com¬ 
municates thoughts, ideas, or information. 
Throughout the ages, books have changed 
dramatically, assuming a number of different 
forms. To a great extent, the evolution of the 
book has followed the expansion of commu¬ 
nication forms and methods and the ever- 
increasing demand for information. 

The first known forms of written documenta¬ 
tion were the clay tablet of Mesopotamia and 
the papyrus roll of Egypt. Examples of both 
date back as early as 3000 B.c. Independent 
of these developments were Chinese books, 
made of wood or bamboo strips bound 
together with cords. These books dated back 
to 1300 b.c. 

Modern book production came about as a 
result of the invention of printing press. 
Although the invention of printing most 
likely occurred earlier in China as well, the 
introduction of movable type and the printing 
press to Europe is credited to Johann 
Gutenberg of Germany. Gutenberg, in col¬ 
laboration with his partners Johann Fust and 
Peter Schoffer, printed a Latin Bible using a 
hand printing press with movable lead type 
by about 1456. Each individual letter of early 
hand-set type was designed in a style closely 
resembling script or handlettering. Thus, the 
first books printed in Europe appeared much 
like books produced by scribes. Books 
printed in the fifteenth century are now 
called incunabula, a word derived from the 
Latin word for cradle. In 1640, Stephen Day 
printed the first book in North America, in 
Cambridge, Massachusetts. 


Because the printing press and moveable 
type mechanized the book production 
process, books became available in greater 
numbers. By the nineteenth century, how¬ 
ever, the demand for books could not be met 
quickly enough by the process of hand print¬ 
ing. Printers developed larger presses to 
accommodate larger sheets of paper and/or 
the newly invented continuous rolls of paper. 
These improvements allowed printers to pro¬ 
duce books at a much faster rate. During the 
decades of the mid-1800s, further progress 
was made, including the invention of the 
papermaking machine (1820s), binding 
machinery (1860), and the cylinder press 
(1840s); later, the linotype (invented in 
1884), cast type by line rather than by indi¬ 
vidual letter. 

Book production in America and throughout 
the industrialized world has flourished and 
expanded during the twentieth century. 
Important advances in printing, such as the 
introduction of the offset printing press and 
computerized typesetting, have made mass 
production more economical. The develop¬ 
ment of the paperback book, which was 
introduced in the 1940s to provide a less 
expensive alternative to the traditional hard¬ 
back book, has also made books more acces¬ 
sible to the public. While the invention of 
other forms of media, such as radio and tele¬ 
vision, has had an adverse impact on reading 
in general, books remain the primary source 
of knowledge throughout most of the world. 

Raw Materials 

Books are made from a variety of different 
coated and uncoated paper stocks that differ 
in weight and size. In addition, different 
color inks may be used. Also, while front 
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and back covers are generally made from a 
heavier stock of paper, they will vary in 
terms of weight. For example, hardback 
books have a durable cardboard stock cover 
while paperback books are made from a thin¬ 
ner paper stock. Usually, cover stocks are 
coated with different colors or designs. 

Since the nineteenth century, book produc¬ 
tion has entailed the use of sophisticated 
machinery, including typesetting machines, a 
web or sheet-fed printing press, and book 
binding machines. 

Design 

The process of designing a book is ongoing 
throughout the stages of production. Initially, 
the author, in conjunction with an editor and 
book agent, will consider elements of 
design that pertain to the scope and purpose 
of the book, the desired approach to the sub¬ 
ject matter, whether illustrations should be 
used, and other issues such as chapter head¬ 
ings and their placement. In determining 
those elements, the intended audience for 
the manuscript will be considered, along 
with accepted editorial standards. Other 
design considerations include whether a 
book should have a preface, a foreword, a 
glossary to define specific terms, an index to 
reference key words and concepts, and an 
appendix of supplementary material. 

Once the book manuscript is written, editors 
and authors must refine the manuscript to 
attain a final edited version prior to produc¬ 
tion. In most cases, this involves a process of 
reviewing, editing, proofreading, revising and 
final approval. After such manuscript design 
factors are completed, editors and art direc¬ 
tors will determine the following features: 

• page size and style 

• typeface size and style 

• the type and weight of paper for the text 
and cover 

• use of color 

• presentation of visuals/illustrations in the 
text, if needed 

• cover art/illustrations 


S inos the days of Johannes Gutenberg and well into the twentieth century, 
printers have considered themselves a special lot, They needed to be liter¬ 
ate to set type by hand, and they needed physical strength and endurance to 
operate a hand press Because their work put them into contact with mtelleclu 
als, politicians, and community leaders, they often had social contacts beyond 
those commonly available to workers. Because they had constant access to 
ideus and information., they were generally consideied to be learned indivld 
uols. Sometimes called rhe intellectuals of the working class, printers were dis¬ 
tinguished by the fact that their work was a unique combination of mental and 
manual labor 

like most skilled tradesmen, mneteenttvcentury printers developed a special 
language for their work There were, of course, technical terms naming 
processes or tools. But much of the language, drawing on Anglo-European 
traditions, dealt with sociol relationships. Knowledge of this language was 
part of the training of an apprentice and separated the "fraternity" from the 
uninitiated. The youngest apprentice was called a "devil," reflecting his low 
status, responsibility for menial work, and propensity far getting dirty 
Workers "jeffed," or used type as dice, to see who got certain work, who 
paid far drinks, or who laid off a night so that a "sub" (substitute) could gel 
some work. The workers In an office would unofficially organize themselves 
into a "chapel" and elect a “chairman" or ‘ father " These traditions evenlu 
ally evolved into the union shop and union steward. 

William S Pretzer 


The Manufacturing 
Process 

After the book is written and appropriate 
design elements are agreed upon, book pro¬ 
duction can begin. The first stage is type - 
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The first step in book production is 
typesetting, which increasingly is 
being done with desktop computer 
programs. With a computer, the 
proper software, and a laser printer, 
manuscript can be typeset that has 
the same quality as that produced 
by traditional typesetting methods. 

Once typeset, the mechanical or 
"camera-ready copy" of the manu¬ 
script is sent to a printer. This ven¬ 
dor then photographs the pages to 
produce page negatives. Next, 
these negatives are stripped by 
hand onto large flat sheets known 
as "goldenrods," and the golden- 
rods are exposed with ultraviolet 
light. This results in "blueprints," a 
positive reproduction of the book 
that is then checked for accuracy. 


setting, in which the actual text is converted 
into the appropriate typeface style (known as 
font) and size (known as point size). After the 
typeset version of the book has been 
reviewed and any necessary changes made, it 
is ready for printing and binding, in which 
the actual pages are printed and bound 
together with the cover, resulting in a fin¬ 
ished book. The typesetting and printing— 
“printing” consists of filming and all 
subsequent steps—are typically done not by 
the publisher but by specialized vendors. 

Typesetting 

1 First, the manuscript is converted into the 
desired font and point size. If the manu¬ 
script has not been completed on a computer, 
it must be typed into a computer by the type¬ 
setter. If it is already in electronic form, how¬ 


ever, the typesetter simply has to make pro¬ 
gramming changes to convert the manuscript 
into the proper style. The result is generally 
(but not always; see step #3 below) a galley 
of the text. A galley form of manuscript con¬ 
sists of long pages of text in a single column. 
The galley includes the proper typeface, but 
the proper pagination still must be worked 
out. 


2 Galleys are then proofread and edited for 
errors by the publisher. This stage is par¬ 
ticularly important if the manuscript has been 
typeset (typed) from a hard copy of the text. 
If the manuscript was typeset from a com¬ 
puter disk, most of the errors should have 
already been corrected during a review of the 
manuscript. The single-column format of 
galleys facilitates the proofreading. 
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Pages and mechanical 

3 After galleys are thoroughly proofed and 
edited, pages (or lasers) are produced. An 
exact layout of typeset pages but usually 
printed on standard typing paper, pages are 
also reviewed for accuracy by the publisher. 
Some books skip the galley stage and proceed 
directly to pages. Once any necessary changes 
have been made, the typesetter then produces 
a mechanical of the typeset pages. Also called 
camera copy, the mechanical is printed on 
high-quality paper that is suitable for filming, 
the first stage in the printing process. The 
work of the typesetting vendor—if different 
from the publisher—is now done. 

Filming 

4 The typeset mechanical now goes to the 
printing and binding vendor. First, each 
text page, including line drawings, is pho¬ 
tographed (or shot) using a large camera to 
produce page negatives. These negatives are 
the opposite of what will actually print. In 
other words, the text and photos will appear 
backward in negative form. Negatives are 
then checked to make sure there are no blem¬ 
ishes present. While printed words and line 
drawings are all one shade of black, pho¬ 
tographs have many shades from palest gray 
to deepest black and must be filmed using a 
special process to maintain these shades. The 
process converts the shades into black and 
white dots—very light areas have many dots, 
while darker areas have fewer dots. The con¬ 
verted photographs are known as halftones. 
If the book will have more than one color of 
ink, a separate negative for each color is 
made. For color photos, for instance, four 
negatives are generally used: cyan, magenta, 
yellow, and black. For this reason, books 
with color will have negative overlays (one 
negative overlay for each color). Because of 
the added overlays, a book printed in more 
than one color involves additional prepara¬ 
tion and cost. 

Stripping 

The negatives are then taped or “stripped” 
into their proper place onto a large sheet 
called a goldenrod or a flat. Each flat holds 32 
or 64 pages, and enough flats are used to equal 
the number of pages in the book. Strippers 
examine each finished flat on a lineup table to 
ensure that text and illustrations are properly 


lined up and in sequence. (The book pages are 
not lined up in consecutive order on the flat, 
and in fact some of the pages are placed 
upside down. Such placing is necessary 
because the finished paper version of each flat 
will be folded several times; once the flat is 
folded, the 32 or 64 pages will be in the proper 
order. This placement method is known as 
imposition .) To make this examination 
process easier, the lineup tables are equipped 
with a fluorescent light that shines up through 
the negatives, so it is easier for the stripper to 
read and align the text. 

Blueprints 

To make sure the book is progressing 
properly, a proof of each flat is made by 
shining ultraviolet light through the nega¬ 
tives to expose their images onto a special 
light-sensitive paper. The resulting pages are 
called blueprints (or silverprints, bluelines, 
or dyluxes) because the paper and ink are 
blue or silver in appearance. The blueprints 
are then checked carefully by the publisher. 
If an editor or art director finds an error on a 
blueprint or decides to make a change, the 
page in question has to be rephotographed. 
The new negative will then be stripped onto 
the flat. 

Plate making 

7 After final approval, each flat is pho¬ 
tographed, with the negatives being 
exposed onto (or “burned” onto) a thin sheet 
of aluminum called a plate. The sections of 
the plates that contain text and illustrations 
are then treated with a chemical that attracts 
ink, thereby ensuring that the text and illus¬ 
trations will print when on press. 

Printing 

8 The plates are then sent to press. If print¬ 
ing in only one color, each plate will 
require only one pass through the press. If 
printing more than one color, an additional 
pass will be required for each color. For 
example, if two colors are used, the paper is 
fed through the press twice. 

There are three main printing processes used 
in book production: offset lithography, letter- 
press, and gravure. The process used 
depends less on quality differences than on 
economic factors such as availability of 




8 3 



How Products Are Made, Volume 1 


Printing is often done on an offset 
lithography printing press, in which 
the paper is fed through rolls that 
are exposed to the proper ink. If 
colored ink is necessary, either for 
text or for photographs, each of the 
four major colors is offset onto its 
own set of rollers. 



machines, number of books being printed 
(the print run), and the speed of delivery. 
Presses are either sheet-fed (single sheets of 
paper are fed through) or web-fed (huge rolls 
of paper are unwound and run through). 

Binding 

9 After the sheets are printed and dry, they 
are delivered to the bindery. While many 
large printing companies have their own 
binderies, other smaller printers must send 
the printed sheets to a outside bindery. At the 
bindery, the flats are folded and collated into 
book signatures —properly folded 32- or 64- 
page sections—that are then bound in proper 
sequence. All of these functions are auto¬ 
mated. 

Book binding also involves sewing 
the signatures together, gluing the 
spine, and inserting lining and trimming the 
edges. The amount and type of binding 
depends on the type of book (paperback or 
hardback) and its size. In the final step, the 
book is “cased in,” or enclosed in a cover. 

Quality Control 

To help ensure that a quality product is pro¬ 
duced, print shops conduct a number of peri¬ 
odic checks. In addition to checking 
blueprints for accuracy, printers will pull a 
press proof, or sample, before the print run is 
begun. If certain areas of the proof are too 
light or too dark, adjustments to the press 
may be required. 

After the book signatures are sewn together, 
the print shop will spot-check them to make 


sure they have been folded and sewn cor¬ 
rectly. They will also check to see if the book 
covers are properly bound to prevent the 
books from deteriorating with use. 

Some of the instruments used to control qual¬ 
ity include densitometers and colorimeters, 
both of which are used to evaluate color print¬ 
ing processes; paper hygroscopes, which 
measure the moisture balance of paper 
against the relative humidity of printing 
rooms; and inkometers, which measure the 
quality of the ink to be used in printing. 

The Future 

Book production has remained much the 
same since the early twentieth century, 
except for changes in typesetting. While 
dedicated typesetting machines (linotype or 
monotype) have been standard equipment in 
print shops and typesetting businesses since 
1900, desktop publishing on microcomputers 
has become a cost-effective alternative. With 
the proper typesetting software and a laser 
printer, users can generate text, insert graph¬ 
ics, and create layouts and page designs that 
are as sophisticated and detailed as those pro¬ 
duced by traditional typesetting machines. 
As a result, authors, publishers, print shops, 
and virtually any other business have been 
able to set type and perform page layout and 
design on microcomputers. Furthermore, 
depending on the resolution and quality of 
the laser printer, users can create type that a 
printer can use to shoot a negative. Such type 
is referred to as camera-ready. 

In addition, desktop publishing accessories 
such as scanners and graphics software allow 
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FOLDING, GATHERING, AND BINDING 



After printing, the sections of the 
book—in 32- or 64-page pieces— 
are folded properly, sewn together, 
and bound with the book jacket or 
cover. All of these steps are auto¬ 
mated. 


users to insert still more computer graphics 
and scan in photographs, hard-copy graphics, 
and text into their desktop system. 

For book production, many authors, publish¬ 
ers, and design shops now have their own 
desktop publishing equipment, allowing 
them to give printers camera-ready copy. If 
they do not have laser printers with sufficient 
print-quality resolution, they can simply give 
the printer the book in disk form and have the 
printer run the type out on a laser printer with 
high resolution. Either way, desktop publish¬ 
ing gives the user more design control and 
cuts down on production costs. 

Because desktop publishing is relatively 
new, changes and enhancements continue to 
make the systems more user-friendly. As 
more people gain access to such systems, 
book publication and publishing in general 
will see more widespread use of desktop 
publishing in the future. 

Where To Learn More 

Books 

Foot, Miriam. Studies in the History of 
Bookbinding. Ashgate Publishing Co., 1992. 

Harrison, Thomas. The Bookbinding Craft & 
Industry. Garland Publishing, Inc., 1990. 


Hollick, Richard. Book Manufacturing. 
Cambridge University Press, 1986. 

Lyman, Ralph. Binding <£ Finishing. 
Graphic Arts Technical Foundation, 1993. 

Matthews, Brander. Bookbinding Old <£ 
New. Garland Publishing, Inc., 1990. 

McMurtrie, Douglas C. The Book: Story of 
Printing & Bookmaking. Dorset Press, 1990. 

Pocket Pal: A Graphic Arts Production 
Handbook. International Paper, 14th ed., 
1989. 

Poynter, Dan. Book Production: Composition, 
Layout, Editing & Design—Getting It Ready 
for Printing, 3rd ed. Para Publishing, 1992. 

Periodicals 

Angstadt, Richard. “Why Typesetting Isn’t 
as Good as It Should Be: An Experienced 
Typesetter Laments the Communications 
Problems in a Changing Industry,” 
Publishers Weekly. September 7,1990, p. 60. 

Monkerud, Don. “Plate Full of Promises: 
Direct-to-Plate Technology Offers Faster 
and Cheaper Short-Run Color Printing,” 
Publish. January, 1993, p. 48. 

— Greg Ling 



Brick 


Modern bricks are seldom 
solid. Some are pressed 
into shape, which leaves a 
frog, or depression, on 
their top surface. Others 
are extruded with holes 
that will later expedite the 
firing process by exposing 
a larger amount of surface 
area to heat. Both 
techniques lessen weight 
without reducing strength. 


Background 

The term brick refers to small units of build¬ 
ing material, often made from fired clay and 
secured with mortar, a bonding agent com¬ 
prising of cement, sand, and water. Long a 
popular material, brick retains heat, with¬ 
stands corrosion, and resists fire. Because 
each unit is small—usually four inches wide 
and twice as long, brick is an ideal material 
for structures in confined spaces, as well as 
for curved designs. Moreover, with minimal 
upkeep, brick buildings generally last a long 
time. 

For the above-cited practical reasons and 
because it is also an aesthetically pleasing 
medium, brick has been used as a building 
material for at least 5,000 years. The first 
brick was probably made in the Middle East, 
between the Tigris and Euphrates rivers in 
what is now Iraq. Lacking the stone their 
contemporaries in other regions used for per¬ 
manent structures, early builders here relied 
on the abundant natural materials to make 
their sun-baked bricks. These, however, 
were of limited use because they lacked 
durability and could not be used outdoors; 
exposure to the elements caused them to dis¬ 
integrate. The Babylonians, who later domi¬ 
nated Mesopotamia, were the first to fire 
bricks, from which many of their tower-tem¬ 
ples were constructed. 

From the Middle East the art of brickmaking 
spread west to what is now Egypt and east to 
Persia and India. Although the Greeks, hav¬ 
ing a plentiful supply of stone, did not use 
much brick, evidence of brick kilns and 
structures remains throughout the Roman 
Empire. However, with the decline and fall 
of Rome, brickmaking in Europe soon 


diminished. It did not resume until the 
1200s, when the Dutch made bricks that they 
seem to have exported to England. In the 
Americas, people began to use brick during 
the sixteenth century. It was the Dutch, how¬ 
ever, who were considered expert craftsmen. 

Prior to the mid-1800s, people made bricks 
in small batches, relying on relatively ineffi¬ 
cient firing methods. One of the most widely 
used was an open clamp, in which bricks 
were placed on a fire beneath a layer of dirt 
and used bricks. As the fire died down over 
the course of several weeks, the bricks fired. 
Such methods gradually became obsolete 
after 1865, when the Hoffmann kiln was 
invented in Germany. Better suited to the 
manufacture of large numbers of bricks, this 
kiln contained a series of compartments 
through which stacked bricks were trans¬ 
ferred for pre-heating, burning, and cooling. 

Brickmaking improvements have continued 
into the twentieth century. Improvements 
include rendering brick shape absolutely uni¬ 
form, lessening weight, and speeding up the 
firing process. For example, modem bricks 
are seldom solid. Some are pressed into 
shape, which leaves a frog, or depression, on 
their top surface. Others are extruded with 
holes that will later expedite the firing 
process by exposing a larger amount of sur¬ 
face area to heat. Both techniques lessen 
weight without reducing strength. 

However, while the production process has 
definitely improved, the market for brick has 
not. Brick does have the largest share of the 
opaque materials market for commercial 
building, and it continues to be used as a sid¬ 
ing material in the housing industry. 
However, other siding materials such as 



Brick 



wood, stucco, aluminum, plaster, and vinyl 
are strong competitors because they cost up 
to 50 percent less, and some (notably stucco 
and plaster) offer built-in insulation. Yet 
these systems can cost up to 1.75 times that 
of brick, which also requires less mainte¬ 
nance. Other materials that compete with 
brick despite their usually higher cost include 
precast concrete panels, glass, stone, artifi¬ 
cial stone, concrete masonry, and combina¬ 
tions of these materials, because advances in 
manufacturing and design have made such 
materials more attractive to the builder. 
According to the U.S. Industrial Outlook, the 
use of brick as a siding material for single¬ 
family homes dropped from 26 percent in 
1984 to 17 percent in 1989. 


Some clays require the addition of sand or 
grog (pre-ground, pre-fired material such as 
scrap brick). 

A wide variety of coating materials and 
methods are used to produce brick of a cer¬ 
tain color or surface texture. To create a typ¬ 
ical coating, sand (the main component) is 
mechanically mixed with some type of col¬ 
orant. Sometimes a flux or frit (a glass con¬ 
taining colorants) is added to produce surface 
textures. The flux lowers the melting tem¬ 
perature of the sand so it can bond to the 
brick surface. Other materials including 
graded fired and unfired brick, nepheline 
syenite, and graded aggregate can be used as 
well. 


To produce brick, tbe row materials 
are first crushed and ground in a 
jaw crusher. Next, the ingredients 
are formed using one of several 
methods. In extrusion, the pulver¬ 
ized ingredients are mixed togtber 
with water, passed into a de-airing 
chamber (which removes the air to 
prevent cracking), compacted, and 
extruded out of a die of the desired 
shape. 


Raw Materials 

Natural clay minerals, including kaolin and 
shale, make up the main body of brick. 
Small amounts of manganese, barium, and 
other additives are blended with the clay to 
produce different shades, and barium carbon¬ 
ate is used to improve brick’s chemical resis¬ 
tance to the elements. Many other additives 
have been used in brick, including byprod¬ 
ucts from papermaking, ammonium com¬ 
pounds, wetting agents, flocculents (which 
cause particles to form loose clusters) and 
deflocculents (which disperse such clusters). 


The Manufacturing 
Process 

The initial step in producing brick is crushing 
and grinding the raw materials in a separator 
and a jaw crusher. Next, the blend of ingre¬ 
dients desired for each particular batch is 
selected and filtered before being sent on to 
one of three brick shaping processes—extru¬ 
sion, molding, or pressing, the first of which 
is the most adaptable and thus the most com¬ 
mon. Once the bricks are formed and any 
subsequent procedures performed, they are 
dried to remove excess moisture that might 
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otherwise cause cracking during the ensuing 
firing process. Next, they are fired in ovens 
and then cooled. Finally, they are 
dehacked—automatically stacked, wrapped 
with steel bands, and padded with plastic 
comer protectors. 

Grinding, sizing, and combining 
raw materials 

1 First, each of the ingredients is conveyed 
to a separator that removes oversize mate¬ 
rial. A jaw crusher with horizontal steel 
plates then squeezes the particles, rendering 
them still smaller. After the raw materials 
for each batch of bricks have been selected, a 
scalping screen is often used to separate the 
different sizes of material. Material of the 
correct size is sent to storage silos, and over¬ 
sized material goes to a hammermill, which 
pulverizes it with rapidly moving steel ham¬ 
mers. The hammermill uses another screen 
to control the maximum size of particle leav¬ 
ing the mill, and discharge goes to a number 
of vibrating screens that separate out material 
of improper size before it is sent on to the 
next phase of production. 

Extrusion 

2 With extrusion, the most common 
method of brick forming, pulverized 
material and water are fed into one end of a 
pug mill, which uses knives on a rotating 
shaft to cut through and fold together mater¬ 
ial in a shallow chamber. The blend is then 
fed into an extruder at the far end of the mill. 
The extruder usually consists of two cham¬ 
bers. The first removes air from the ground 
clay with a vacuum, thereby preventing 
cracking and other defects. The second 
chamber, a high-pressure cylinder, compacts 
the material so the auger can extrude it 
through the die. After it is compressed, the 
plastic material is forced out of the chamber 
though a specially shaped die orifice. The 
cross-section of the extruded column, called 
the “pug,” is formed into the shape of the die. 
Sections of desired length are cut to size with 
rotating knives or stiff wires. 

In molding, soft, wet clay is shaped in a 
mold, usually a wooden box. The interior of 
the box is often coated with sand, which pro¬ 
vides the desired texture and facilitates 
removing the formed brick from the mold. 
Water can also be used to assist release. 


Pressing, the third type of brick forming, 
requires a material with low water content. 
The material is placed in a die and then com¬ 
pacted with a steel plunger set at a desired 
pressure. More regular in shape and sharper 
in outline than brick made with the other two 
methods, pressed bricks also feature frogs. 

Chamfering the brick 

3 Chamfering machines were developed to 
produce a furrow in brick for such appli¬ 
cations as paving. These machines use 
rollers to indent the brick as it is being 
extruded. They are sometimes equipped 
with wire cutters to do the chamfering and 
cutting in one step. Such machines can pro¬ 
duce as many as 20,000 units per hour. 

Coating 

4 The choice of sand coating, also applied 
as the brick is extruded, depends on how 
soft or hard the extruded material is. A con¬ 
tinuous, vibrating feeder is used to coat soft 
material, whereas for textured material the 
coating may have to be brushed or rolled on. 
For harder materials a pressure roller or com¬ 
pressed air is used, and, for extremely hard 
materials, sand blasting is required. 

Drying 

Before the brick is fired, it must be dried 
to remove excess moisture. If this mois¬ 
ture is not removed, the water will bum off 
too quickly during firing, causing cracking. 
Two types of dryers are used. Tunnel dryers 
use cars to move the brick through humidity- 
controlled zones that prevent cracking. They 
consist of a long chamber through which the 
ware is slowly pushed. External sources of 
fan-circulated hot air are forced into the 
dryer to speed the process. 

6 Automatic chamber dryers are also used, 
especially in Europe. The extruded 
bricks are automatically placed in rows on 
two parallel bars. The bricks are then fed 
onto special racks with finger-like devices 
that hold several pairs of bars in multiple lay¬ 
ers. These racks are then transferred by rail- 
mounted transfer cars or by lift trucks into 
the dryers. 

Firing 

7 After drying, the brick is loaded onto 
cars (usually automatically) and fired to 
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high temperatures in furnaces called kilns. 
In general, the cars that moved the bricks 
through the drying process are also used to 
convey them through the tunnel kiln. These 
cars are pushed through the kiln’s continu¬ 
ously maintained temperature zones at a spe¬ 
cific rate that depends on the material. The 
majority of kilns in the United States use gas 
as a fuel source, though a third of the brick 
currently produced is fired using solid fuels 
such as sawdust and coal. Tunnel kilns have 
changed in design from high-load, narrow- 
width kilns to shorter, lower-set wider kilns 
that can fire more brick. This type of design 
has also led to high-velocity, long-flame, and 
low-temperature flame burners, which have 
improved temperature uniformity and low¬ 
ered fuel consumption. 


The packaged brick is then shipped to the job 
site, where it is typically unloaded using 
boom trucks. 

Quality Control 

Though the brick industry is often considered 
unsophisticated, many manufacturers are 
participating in total quality management 
and statistical control programs. The latter 
involves establishing control limits for a cer¬ 
tain process (such as temperature during dry¬ 
ing or firing) and tracking the parameter to 
make sure the relevant processes are kept 
within the limits. Therefore, the process can 
be controlled as it happens, preventing 
defects and improving yields. 


After forming and coating, the 
bricks are dried using either tunnel 
dryers or automatic chamber dry¬ 
ers. Next, bricks are loaded onto 
cars automatically and moved into 
large furnaces called tunnel kilns. 
Firing hardens and strengthens the 
brick. After cooling, the bricks are 
set and packaged. 


Setting and packaging 

8 After the brick is fired and cooled, it is 
unloaded from the kiln car via the 
dehacking process, which has been auto¬ 
mated to the point where almost all manual 
brickhandling is eliminated. Automated set¬ 
ting machines have been developed that can 
set brick at rates of over 18,000 per hour and 
can rotate the brick 180 degrees. Usually set 
in rows eleven bricks wide, a stack is 
wrapped with steel bands and fitted with 
plastic strips that serve as comer protectors. 


A variety of physical and mechanical proper¬ 
ties must be measured and must comply with 
standards set by the American Society of 
Testing and Materials (ASTM). These prop¬ 
erties include physical dimensions, density, 
and mechanical strength. Another important 
property is freeze-thaw durability, where the 
brick is tested under conditions that are sup¬ 
posed to simulate what is encountered in the 
outdoors. However, current tests are inade¬ 
quate and do not really correlate to actual 
conditions. What passes in the laboratory 
may not pass in the field. Therefore, the 
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brick industry is trying to develop a more 
accurate test. 

A similar problem exists with a condition 
known as efflorescence, which occurs when 
water dissolves certain elements (salt is 
among the most common) in exterior 
sources, mortar, or the brick itself. The 
residual deposits of soluble material produce 
surface discoloration that can be worsened 
by improper cleaning. When salt deposits 
become insoluble, the efflorescence worsens, 
requiring extensive cleaning. Though a brick 
may pass the laboratory test, it could fail in 
the field due to improper design or building 
practices. Therefore, brick companies are 
developing their own in-house testing proce¬ 
dures, and research is continuing to develop 
a more reliable standard test. 

The Future 

Currently, the use of brick has remained 
steady, at around seven to nine billion a year, 
down from the 15 billion used annually dur¬ 
ing the early 1900s. In an effort to increase 
demand, the brick industry continues to 
explore alternative markets and to improve 
quality and productivity. Fuel efficiency has 
also improved, and by the year 2025 brick 
manufacturers may even be firing their brick 
with solar energy. However, such changes in 
technology will occur only if there is still a 
demand for brick. 

Even if this demand continues, the brick 
industry both here and abroad faces another 
challenge: it will soon be forced to comply 
with environmental regulations, especially in 
the area of fluorine emissions. Fluorine, a by¬ 
product of the brickmaking process, is a 
highly reactive element that is dangerous to 
humans. Long-term exposure can cause kid¬ 
ney and liver damage, digestive problems, 
and changes in teeth and bones, and the 
Environmental Protection Agency (EPA) has 
consequently established maximum expo¬ 
sure limits. To lessen the dangers posed by 
fluorine emissions, brickworks can install 
scrubbers, but they are expensive. While 


some plants have already installed such sys¬ 
tems, the U.S. brick industry is trying to play 
a more important role in developing less 
expensive emissions testing methods and 
establishing emission limits. If the brick 
industry cannot persuade federal regulators 
to lower their requirements, it is quite possi¬ 
ble that the industry could shrink in size, as 
some companies cannot afford to comply and 
will go out of business. 

Where To Learn More 

Books 

Bender, Willi and Frank Handle. Brick and 
Tile Making. Bauverlag GmbH, 1985. 

Jones, J. T. and M. F. Berard. Ceramics: 
Industrial Processing and Testing. Iowa 
State University Press, 1972. 

Robinson, Gilbert C. Ceramics and Glasses. 
ASM International, 1992, pp. 943-950. 

Periodicals 

“Trends in Brick Plant Operations,” The 
American Ceramic Society Bulletin. 1992, 
pp. 69-74. 

Hall, Alvin. “Using Computer-Aided Man¬ 
ufacturing to Build Better Brick,” The Amer¬ 
ican Ceramic Society Bulletin. 1990, pp. 
80-82. 

Richards, Robert W. “Brick Manufacturing 
from Past to Present,” The American Ceramic 
Society Bulletin. May, 1990, pp. 807-813. 

Sheppard, Laurel M. “Making Brick and 
Meeting Regulations,” The American 
Ceramic Society Bulletin. 1993. 

“Lodge Lane Brickworks: A Breakthrough 
in the Reduction Firing of Bricks,” 
Ziegelindustrie. September, 1992, pp. 344- 
341. 

— L. S. Millberg 
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Bulletproof Vest 


Background 

Bulletproof vests are modern light armor 
specifically designed to protect the wearer’s 
vital organs from injury caused by firearm 
projectiles. To many protective armor manu¬ 
facturers and wearers, the term “bulletproof 
vest” is a misnomer. Because the wearer is 
not totally safe from the impact of a bullet, 
the preferred term for the article is “bullet 
resistant vest.” 

Over the centuries, different cultures devel¬ 
oped body armor for use during combat. 
Mycenaeans of the sixteenth century b.c. and 
Persians and Greeks around the fifth century 
B.c. used up to fourteen layers of linen, while 
Micronesian inhabitants of the Gilbert and 
Ellice Islands used woven coconut palm fiber 
until the nineteenth century. Elsewhere, 
armor was made from the hides of animals: 
the Chinese—as early as the eleventh century 
B.c.—wore rhinoceros skin in five to seven 
layers, and the Shoshone Indians of North 
America also developed jackets of several 
layers of hide that were glued or sewn 
together. Quilted armor was available in 
Central America before Cortes, in England in 
the seventeenth century, and in India until 
the nineteenth century. 

Mail armor comprised linked rings or wires of 
iron, steel, or brass and was developed as early 
as 400 B.c. near the Ukrainian city of Kiev. 
The Roman Empire utilized mail shirts, which 
remained the main piece of armor in Europe 
until the fourteenth century. Japan, India, 
Persia, Sudan, and Nigeria also developed 
mail armor. Scale armor, overlapping scales 
of metal, horn, bone, leather, or scales from an 
appropriately scaled animal (such as the scaly 
anteater), was used throughout the Eastern 


Hemisphere from about 1600 B.c. until mod¬ 
em times. Sometimes, as in China, the scales 
were sewn into cloth pockets. 

Brigandine armor —sleeveless, quilted jack¬ 
ets—consisted of small rectangular iron or 
steel plates riveted onto leather strips that 
overlapped like roof tiles. The result was a 
relatively light, flexible jacket. (Earlier coats 
of plates in the twelfth-century Europe were 
heavier and more complete. These led to the 
familiar full-plate suit of armor of the 1500s 
and 1600s.) Many consider brigandine 
armor the forerunner of today’s bulletproof 
vests. The Chinese and Koreans had similar 
armor around a.d. 700, and during the four¬ 
teenth century in Europe, it was the common 
form of body armor. One piece of breast¬ 
plate within a cover became the norm after 
1360, and short brigandine coats with plates 
that were tied into place prevailed in Europe 
until 1600. 

With the introduction of firearms, armor 
crafts workers at first tried to compensate by 
reinforcing the cuirass, or torso cover, with 
thicker steel plates and a second heavy plate 
over the breastplate, providing some protec¬ 
tion from guns. Usually, though, cumber¬ 
some armor was abandoned wherever 
firearms came into military use. 

Experimental inquiry into effective armor 
against gunfire continued, most notably dur¬ 
ing the American Civil War, World War I, 
and World War II, but it was not until the 
plastics revolution of the 1940s that effective 
bulletproof vests became available to law 
enforcers, military personnel, and others. 
The vests of the time were made of ballistic 
nylon and supplemented by plates of fiber¬ 
glass, steel, ceramic, titanium, Doron, and 


To many protective armor 
manufacturers and 
wearers, the term 
"bulletproof vest" is a 
misnomer. Because the 
wearer is not totally safe 
from the impact of a 
bullet, the preferred term 
for the article is "bullet 
resistant vest." 
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composites of ceramic and fiberglass, the last 
being the most effective. 

Ballistic nylon was the standard cloth used 
for bulletproof vests until the 1970s. In 
1965, Stephanie Kwolek, a chemist at Du 
Pont, invented Kevlar, trademark for poly- 
para-phenylene terephthalamide, a liquid 
polymer that can be spun into aramid fiber 
and woven into cloth. Originally, Kevlar 
was developed for use in tires, and later for 
such diverse products as ropes, gaskets, and 
various parts for planes and boats. In 1971, 
Lester Shubin of the National Institute of 
Law Enforcement and Criminal Justice advo¬ 
cated its use to replace bulky ballistic nylon 
in bulletproof vests. Kevlar has been the 
standard material since. In 1989, the Allied 
Signal Company developed a competitor for 
Kevlar and called it Spectra. Originally used 
for sail cloth, the polyethylene fiber is now 
used to make lighter, yet stronger, nonwoven 
material for use in bulletproof vests along¬ 
side the traditional Kevlar. 

Raw Materials 

A bulletproof vest consists of a panel, a vest¬ 
shaped sheet of advanced plastics polymers 
that is composed of many layers of either 
Kevlar, Spectra Shield, or, in other countries, 
Twaron (similar to Kevlar) or Bynema (simi¬ 
lar to Spectra). The layers of woven Kevlar 
are sewn together using Kevlar thread, while 
the nonwoven Spectra Shield is coated and 
bonded with resins such as Kraton and then 
sealed between two sheets of polyethylene 
film. 

The panel provides protection but not much 
comfort. It is placed inside of a fabric shell 
that is usually made from a polyester/cotton 
blend or nylon. The side of the shell facing 
the body is usually made more comfortable 
by sewing a sheet of some absorbent material 
such as Kumax onto it. A bulletproof vest 
may also have nylon padding for extra pro¬ 
tection. For bulletproof vests intended to be 
worn in especially dangerous situations, 
built-in pouches are provided to hold plates 
made from either metal or ceramic bonded to 
fiberglass. Such vests can also provide pro¬ 
tection in car accidents or from stabbing. 

Various devices are used to strap the vests 
on. Sometimes the sides are connected with 


elastic webbing. Usually, though, they are 
secured with straps of either cloth or elastic, 
with metallic buckles or velcro closures. 

The Manufacturing 
Process 

Some bulletproof vests are custom-made to 
meet the customer’s protection needs or size. 
Most, however, meet standard protection 
regulations, have standard clothing industry 
sizes (such as 38 long, 32 short), and are sold 
in quantity. 

Making the panel cloth 

I To make Kevlar, the polymer poly-para- 
phenylene terephthalamide must first be 
produced in the laboratory. This is done 
through a process known as polymerization, 
which involves combining molecules into 
long chains. The resultant crystalline liquid 
with polymers in the shape of rods is then 
extruded through a spinneret (a small metal 
plate full of tiny holes that looks like a 
shower head) to form Kevlar yarn. The 
Kevlar fiber then passes through a cooling 
bath to help it harden. After being sprayed 
with water, the synthetic fiber is wound onto 
rolls. The Kevlar manufacturer then typi¬ 
cally sends the fiber to throwsters, who twist 
the yam to make it suitable for weaving. To 
make Kevlar cloth, the yams are woven in 
the simplest pattern, plain or tabby weave, 
which is merely the over and under pattern of 
threads that interlace alternatively. 

2 Unlike Kevlar, the Spectra used in bul¬ 
letproof vests is usually not woven. 
Instead, the strong polyethylene polymer fil¬ 
aments are spun into fibers that are then laid 
parallel to each other. Resin is used to coat 
the fibers, sealing them together to form a 
sheet of Spectra cloth. Two sheets of this 
cloth are then placed at right angles to one 
another and again bonded, forming a nonwo¬ 
ven fabric that is next sandwiched between 
two sheets of polyethylene film. The vest 
shape can then be cut from the material. 

Cutting the panels 

3 Kevlar cloth is sent in large rolls to the 
bulletproof vest manufacturer. The fab¬ 
ric is first unrolled onto a cutting table that 
must be long enough to allow several panels 
to be cut out at a time; sometimes it can be as 
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MAKING THE PANEL CLOTH 


Water 



SPECTRA SHIELD PRODUCTION 



long as 32.79 yards (30 meters). As many 
layers of the material as needed (as few as 
eight layers, or as many as 25, depending on 
the level of protection desired) are laid out on 
the cutting table. 

A cut sheet, similar to pattern pieces 
used for home sewing, is then placed on 
the layers of cloth. For maximum use of the 
material, some manufacturers use computer 
graphics systems to determine the optimal 
placement of the cut sheets. 

Using a hand-held machine that per¬ 
forms like a jigsaw except that instead of 
a cutting wire it has a 5.91-inch (15-centime¬ 
ter) cutting wheel similar to that on the end 
of a pizza cutter, a worker cuts around the cut 
sheets to form panels, which are then placed 
in precise stacks. 


Sewing the panels 

6 While Spectra Shield generally does not 
require sewing, as its panels are usually 
just cut and stacked in layers that go into 
tight fitting pouches in the vest, a bulletproof 
vest made from Kevlar can be either quilt- 
stitched or box-stitched. Quilt-stitching 
forms small diamonds of cloth separated by 
stitching, whereas box stitching forms a large 
single box in the middle of the vest. Quilt- 
stitching is more labor intensive and diffi¬ 
cult, and it provides a stiff panel that is hard 
to shift away from vulnerable areas. Box- 
stitching, on the other hand, is fast and easy 
and allows the free movement of the vest. 

7 To sew the layers together, workers 
place a stencil on top of the layers and 
rub chalk on the exposed areas of the panel. 




Kevlar has long been the most 
widely used material in bulletproof 
vests. To make Kevlar, the polymer 
solution is first produced. The result¬ 
ing liquid is then extruded from a 
spinneret, cooled with water, 
stretched on rollers, and wound into 
cloth. 

A recent competitor to Kevlar is 
Spectra Shield. Unlike Kevlar, 
Spectra Shield is not woven but 
rather spun into fibers that are then 
laid parallel to each other. The 
fibers are coated with resin and lay¬ 
ered to form the cloth. 
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After the doth is made, it must be 
cut into the proper pattern pieces. 
These pieces are then sewn together 
with accessories {such as straps) to 
form the finished vest. 


making a dotted line on the cloth. A sewer 
then stitches the layers together, following 
the pattern made by the chalk. Next, a size 
label is sewn onto the panel. 

Finishing the vest 

8 The shells for the panels are sewn 
together in the same factory using stan¬ 
dard industrial sewing machines and stan¬ 
dard sewing practices. The panels are then 
slipped inside the shells, and the acces¬ 
sories—such as the straps—are sewn on. The 
finished bulletproof vest is boxed and 
shipped to the customer. 

Quality Control 

Bulletproof vests undergo many of the same 
tests a regular piece of clothing does. The 
fiber manufacturer tests the fiber and yarn 
tensile strength, and the fabric weavers test 
the tensile strength of the resultant cloth. 
Nonwoven Spectra is also tested for tensile 
strength by the manufacturer. Vest manufac¬ 
turers test the panel material (whether Kevlar 
or Spectra) for strength, and production qual¬ 
ity control requires that trained observers 
inspect the vests after the panels are sewn 
and the vests completed. 

Bulletproof vests, unlike regular clothing, 
must undergo stringent protection testing as 


required by the National Institute of Justice 
(NIJ). Not all bulletproof vests are alike. 
Some protect against lead bullets at low 
velocity, and some protect against full metal 
jacketed bullets at high velocity. Vests are 
classified numerically from lowest to highest 
protection: I, II-A, II, III-A, III, IV, and spe¬ 
cial cases (those for which the customer 
specifies the protection needed). Each clas¬ 
sification specifies which type of bullet at 
what velocity will not penetrate the vest. 
While it seems logical to choose the highest- 
rated vests (such as III or IV), such vests are 
heavy, and the needs of a person wearing one 
might deem a lighter vest more appropriate. 
For police use, a general rule suggested by 
experts is to purchase a vest that protects 
against the type of firearm the officer nor¬ 
mally carries. 

The size label on a vest is very important. 
Not only does it include size, model, style, 
manufacturer’s logo, and care instructions as 
regular clothing does, it must also include the 
protection rating, lot number, date of issue, 
an indication of which side should face out, a 
serial number, a note indicating it meets NIJ 
approval standards, and—for type I through 
type III-A vests—a large warning that the 
vest will not protect the wearer from sharp 
instruments or rifle fire. 
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Bulletproof vests are tested both wet and dry. 
This is done because the fibers used to make 
a vest perform differently when wet. 

Testing (wet or dry) a vest entails wrapping it 
around a modeling clay dummy. A firearm 
of the correct type with a bullet of the correct 
type is then shot at a velocity suitable for the 
classification of the vest. Each shot should be 
three inches (7.6 centimeters) away from the 
edge of the vest and almost two inches from 
(five centimeters) away from previous shots. 
Six shots are fired, two at a 30-degree angle 
of incidence, and four at a O-degree angle of 
incidence. One shot should fall on a seam. 
This method of shooting forms a wide trian¬ 
gle of bullet holes. The vest is then turned 
upside down and shot the same way, this 
time making a narrow triangle of bullet 
holes. To pass the test, the vest should show 
no sign of penetration. That is, the clay 
dummy should have no holes or pieces of 
vest or bullet in it. Though the bullet will 
leave a dent, it should be no deeper than 1.7 
inches (4.4 centimeters). 

When a vest passes inspections, the model 
number is certified and the manufacturer can 
then make exact duplicates of the vest. After 
the vest has been tested, it is placed in an 
archive so that in the future vests with the 
same model number can be easily checked 
against the prototype. 

Rigged field testing is not feasible for bullet¬ 
proof vests, but in a sense, wearers (such as 


police officers) test them everyday. Studies 
of wounded police officers have shown that 
bulletproof vests save hundreds of lives each 
year. 

Where To Learn More 

Books 

Tarassuk, Leonid and Claude Blair, eds. The 
Complete Encyclopedia of Arms and 
Weapons. Simon and Schuster, 1979. 

Periodicals 

Anderson, Jack and Dale Van Atta. “Standoff 
Over Bullet-Proof Vest Standard,” 
Washington Post. April 9, 1990, p. B-9. 

Chapnick, Howard. “The Need for Body 
Armor,” Popular Photography. November 
1982, pp. 62+. 

Faison, Seth, Jr. “Police Insist on Complete 
Vests,” New York Times. September 15, 
1991, p. 34. 

Flanagan, William G., ed. “Arms and the 
Man,” Forbes. July 6, 1981, p. 135. 

Lappen, Alyssa A. “Step Aside, Superman,” 
Forbes. February 6, 1989, pp. 124-126. 

—Rose Secrest 



Candle 


In the United States, 
standard commercial 
candles usually contain 60 
percent paraffin, 35 
percent stearic acid, and 
5 percent beeswax. Some 
candles contain small 
amounts of candelilla or 
carnauba waxes (from the 
carnauba palm) to 
regulate the softening or 
melting point of the 
finished wax. 


Background 

One of the earliest forms of portable illumi¬ 
nation, candles have served vital functions 
for humankind throughout history, a fact 
chronicled through the discovery of candles 
or candle-like objects in virtually every soci¬ 
ety. Historians believe the original candle 
may have been invented by primitive men 
who dipped dried branches in animal fat, 
thus producing a slow-burning and reliable 
source of light. Reliefs belonging to the 
ancient Egyptians depict the use of candles 
by writers and philosophers who worked 
well after sundown. These early candles 
were most likely developed from tapers that 
were made of fibrous materials mixed with 
wax or tallow (the white, nearly tasteless fat 
of cattle or sheep that was also used to make 
soap, margarine, and lubricants). As far back 
as 3000 B.C., dish-shaped candles were used 
on the island of Crete. 

Candles have also been used for religious 
purposes. The Bible, for instance, makes 
numerous references to the use of candles, 
including the story of King Solomon who, 
after building the Temple, used ten candle¬ 
sticks to light the north and south ends of the 
structure. In the Middle Ages, candlemaking 
became a popular occupation, as evidenced 
by the creation of many candlemakers’ 
guilds throughout Europe. Later, candles 
were used as a means of keeping time. At 
auctions, the bidding time was limited by 
inserting a pin into a candle and letting the 
wax melt until the pin dropped, thus conclud¬ 
ing that period of time. 

Although the materials that comprise a can¬ 
dle have changed through the years, the art of 
candlemaking has remained surprisingly 
similar to the original production processes. 


Candle wicks were, at first, made of reeds or 
rushes; eventually, various natural fibers 
were used. In 1824, Frenchman Jean-Jacques 
Cambaraceres introduced an important 
refinement in wick technology with the 
plaited wick, which burned more evenly than 
unplaited wicks. Twisted or plaited cotton 
still makes up most wicks today. 

Animal or vegetable fats were used for the 
first candles. As candlemaking technology 
progressed, beeswax became widely used, 
mainly because of its pleasing odor and the 
absence of the mess that melting fats pro¬ 
duced. 

After the Revolutionary War, the whaling 
industry in America skyrocketed. However, 
not every type of whale was cherished solely 
for its blubber. The sperm whale was also 
used for its spermaceti—the wax taken from 
the oil of this huge mammal. This wax was 
used extensively as the fishing industry 
began to expand. The spermaceti candle was 
popular because it had no acrid odor, did not 
soften in summer temperatures, and burned 
evenly. Ozokerite, a colorless mineral hydro¬ 
carbon wax with a high melting point, was 
also popular in the seventeenth and eigh¬ 
teenth centuries. As candle technology 
advanced, animal fats were separated, leav¬ 
ing behind more desirable solid fatty acids 
such as stearine that had no odor and gave a 
brighter light. Paraffin, a wax crystallized 
from petroleum, became popular during the 
1860s and was eventually blended with sper¬ 
maceti and ceresin—a byproduct of refined 
petroleum oil—to create a more durable wax. 

The original candles were produced through 
the dipping method. Dating back to the 
Middle Ages, this method used wicks made 
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After tfie wax base is heated into a 
clear, near-liquid state, it is filtered 
to remove any impurities that might 
interfere with the finished candle's 
burning process. Any dyes or per¬ 
fumes are added at this time. 


from dried rushes, which were peeled on all 
but one side, revealing the pith. The wicks 
were repeatedly dipped into the molten fat 
until the fat had stuck to the wick at a desired 
thickness. Beeswax candles were constructed 
using both the dipping method and pouring 
method. In the pouring method, the melted 
beeswax is poured over a suspended cotton 
wick while the wick is simultaneously and 
manually twirled. After a sufficient amount 
of wax has gathered at the bottom of the 
wick, the candled is reversed and poured 
from the other end. 

Large-scale manufacture of candles became 
a reality only after 1834, when Joseph 
Morgan introduced the first mass-production 
candlemaking machine. Today’s modern 
machines are strikingly similar to that origi¬ 
nal machine, with speed, accuracy and fin¬ 
ished quality the only major differences. 

Raw Materials 

As mentioned earlier, the types of wax used 
in the construction of candles have changed 
greatly during the past few centuries. Today, 
substances are often mixed together to create 
stronger candles with higher melting points. 
In the United States, standard commercial 
candles usually contain 60 percent paraffin, 
35 percent stearic acid, and 5 percent 
beeswax. Some candles contain small 
amounts of candelilla or carnauba waxes 
(from the carnauba palm) to regulate the soft¬ 
ening or melting point of the finished wax. 
Beeswax candles are made of only pure 
insect wax and paraffin plus a small amount 
of stiffening wax. The wick is made of a high 


grade of cotton or linen. The material is 
woven (or braided) so that it will bum in one 
direction and will curl so that its end remains 
in the candle flame’s oxidizing zone for even 
and intense burning. Often, wire-core wicks 
are used. These wicks have a wire center that 
allows them to bum slightly hotter than cot¬ 
ton and remain erect in the melted wax. 

Decorative candles often use waxes other 
than beeswax and paraffin. Bayberry wax (or 
wax myrtle, as it is sometimes referred to) is 
derived from the fruit of the bayberry bush 
and has a distinctive aroma making it espe¬ 
cially popular for use at Christmas. Non¬ 
burning wax is used in those parts of a 
candle—mostly the shells or ornaments of 
decorative candles—that are not intended to 
bum. 

The Manufacturing 
Process 

The manufacturing of candles consists of 
three steps: preparation of the wicking, 
preparation of the wax base, and continuous 
molding or extrusion of the finished candles. 

Making the wick 

I The cotton or linen wicks are braided and 
then treated with chemicals or inorganic 
salt solutions so that they bend at a 90 degree 
angle when burning. This angle allows the 
end to remain in the outer mantle of the flame 
and causes it to be shortened naturally. If the 
wick is not treated, it will bum too quickly 
and the flame will be extinguished by the 
melted wax. However, if the wick bums too 
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One method of forming candles is 
to extrude the wax through a die of 
the desired shape. A wick bobbin 
feeds wick into the center of the 
mold so that the wax forms around 
the wick. Unlike molding, extrusion 
forms one continuous length of can¬ 
dle that must be cut into the proper 
sizes. 


slowly, then the amount of exposed wick 
increases and the candle becomes dangerous. 

Preparing the wax base 

2 First, the wax is heated and melted into a 
clear, near-liquid state in huge metal ket¬ 
tles. Wax melted by direct flame can become 
dark-colored or can contain small pieces of 
carbon char. Next, the molten wax must be 
carefully filtered to remove impurities that 
may interfere with the burning process. Any 
desired perfumes and dyes are added at this 
time. Although most wax arriving at the 
manufacturer conforms to strict purity stan¬ 
dards, many companies still filter their wax 
to be sure of a high-quality finished product. 

Molding the candle 

3 Since the invention of Morgan’s first 
candlemaking machine, the construction 
of candles has been performed mainly by 
continuous molding machines, although 
manual machines are still used by some com¬ 
panies. Continuous molding machines are 
designed to make candles in groups ranging 
anywhere from 50 to 500 per load. The entire 
process takes almost 30 minutes per load. 

Prior to the pouring of the wax, the wick 
is pulled through the tip of the mold. 


This tip has a hole in it through which the 
wick passes from a spool located beneath the 
entire molding machine. The molds, which 
are made of tin, have polished interior sur¬ 
faces and are slightly tapered for easier ejec¬ 
tion of the finished candle. 

The wax is cooled to slightly above its 
melting point and poured into a molding 
table located above the molds. The wax then 
works its way into each mold; the molds are 
pre-heated so the wax will flow evenly into 
them. After the wax is poured, a jacket 
around each mold is filled with cold water to 
speed up the solidification process. Once the 
wax has solidified, the finished candles are 
pulled upwards out of the molds, allowing 
the wicks to again thread through the molds 
in preparation for the next load of candles. 
The wicks are snipped, and the process 
begins again. Excess wax is trimmed, col¬ 
lected and re-used. The continuous molding 
process is used to make cylindrical, tapered 
or fluted candles as long as they can be easily 
ejected from the mold. 

Extrusion 

6 An alternate method uses extrusion, a 
process in which crushed paraffin wax is 
forced through a heated steel die under 
extreme pressure. At the same time, the wax 






Candle 


is consolidated around the wick. Unlike 
molding machines, extrusion machines pro¬ 
duce a continuous length of candle, which is 
then cut into specific sizes. Next, the tips of 
the candles are formed by rotation cutters, 
and the candles are sent to an automated 
packing machine. 

Where To Learn More 

Books 

Constable, David. Candlemaking. Schwartz, 
Arthur & Co., Inc., 1993. 

Millington, Deborah. Tradition Candle- 
making: Simple Methods of Manufacture. 
Intermediate Technology Development 
Group of North America, 1992. 


Shaw, Ray. Candle Art. William Morrow, 
1973. 

Taylor, Richard. Beeswax Molding & Candle 
Making. Linden Books, 1985. 

Webster, William and Claire McMullen. 
Contemporary Candlemaking. Doubleday, 

1972. 

Webster, William and Claire McMullen. The 
Complete Book of Candlemaking. Doubleday, 

1973. 

Periodicals 

Rupp, Becky. “The Art of Candle Making,” 
Blair & Ketchum’s Country Journal. 
January, 1986, p. 57. 


— Jim Acton 



Carbon Paper 


A typical piece of carbon 
paper consists of a sheet 
of paper that has been 
impregnated with carbon 
and sandwiched between 
two sheets of regular 
paper. 


Background 

Carbon paper is an inexpensive reprographic 
device used to make a single copy concur¬ 
rently with the original, as in credit card 
transaction receipts, legal documents, manu¬ 
scripts, letters, and other simple forms. 

Even up to the twentieth century, copying 
documents for business purposes was a diffi¬ 
cult, labor-intensive process. Copy clerks, 
like the scribes of churches and government 
offices before them, were common in the 
business offices of the nineteenth century. 

The first attempt at copying important busi¬ 
ness correspondence is attributed to the 
Scottish engineer James Watt, who improved 
the steam engine. Watt disliked trusting 
scribes to copy business letters, so he 
invented a method of pressing a tissue paper 
that had been moistened with special liquids 
onto an original, which had been written 
using special ink. By 1779, he was ready to 
market the process, but it didn’t catch on. 

In 1806 Ralph Wedgwood invented the 
Stylographic Manifold Writer. A paper satu¬ 
rated with printer’s ink was placed between a 
piece of tissue paper and a piece of regular 
paper. A metal stylus then scratched an 
impression onto the tissue paper, creating a 
copy that read correctly and another that was 
a mirror image, though easily read through 
the thin tissue paper. It was necessary to pre¬ 
pare copies in this manner because the pens 
of the time (quills) couldn’t press hard 
enough, and pencils could be erased. Around 
1820 it became possible to use paper that had 
been inked on one side only and an indelible 
pencil to produce the original. This early 
carbon paper was not a huge success, appar¬ 


ently because business owners, fearing 
forgery, preferred items written in ink. 

In 1823 Cyrus P. Dakin began making car¬ 
bons, papers coated with oil and carbon 
black. In the 1860s Lebbeus H. Rogers 
attempted to sell these carbons to businesses, 
but it wasn’t until the invention of the type¬ 
writer in 1867 that carbon paper came to be 
accepted (typewriters produced a cleaner 
copy as well as a quality original). Rogers 
originally made carbon paper by placing 
paper on a stone table and slathering it with a 
mixture containing carbon black (soot), oil, 
and naphtha (a liquid hydrocarbon). Later he 
developed a machine that applied hot wax to 
the carbon paper, doing away with the man¬ 
ual brushing. 

The production of carbon paper has stayed 
basically the same since Rogers’s technolog¬ 
ical advances. In a quaint manufacturing 
tradebook put out around the turn of this cen¬ 
tury, carbon paper is described as consisting 
of various pigments, including carbon black, 
and wax or oils brushed onto thin, strong 
paper. While modem carbon paper is made 
using essentially the same formula, manufac¬ 
turers have concentrated on increasing the 
cleanliness of the process and improving the 
quality of the reproduction by using more 
refined materials. 

Raw Materials 

A typical piece of carbon paper consists of a 
sheet of paper that has been impregnated with 
carbon and sandwiched between two sheets 
of regular paper. All components are stan¬ 
dard, except for the coated sheet that per¬ 
forms the reprography. Its coating is made up 
of several materials, the most important of 
which is carbon black. Carbon black is a very 
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The key ingredient in carbon paper 
is carbon black. To make it, air and 
a hydrocarbon (such as petroleum 
oil) are fed into a furnace. In the fur¬ 
nace, part of the petroleum oil 
undergoes combustion, helping to 
raise the temperature up to 3,000 
degrees Fahrenheit and causing the 
unburned hydrocarbon to decom¬ 
pose to carbon black. The carbon 
black is then cooled with water and 
recovered by putting in a centrifu¬ 
gal cyclone or bag filter. 


fine, spherical, amorphous form of carbon 
that is not as crystalline as graphite. Mostly 
carbon, it also contains small amounts of oxy¬ 
gen, hydrogen, and sulfur. The carbon black 
adheres to the paper with the help of various 
waxes. Familiar one-time black carbon paper 
(the kind used for credit card receipts, for 
example) is coated with a mixture commonly 
composed of paraffin wax (33%), mineral oil 
(25%), carbon black (15%), china clay or 
kaolin (12%), montan wax (8%), carnauba 
wax (6%), and methyl violet or gentian violet 
(1%). Less common one-time blue carbon 
paper is commonly coated with a mixture 
composed of iron blue (21%), paraffin wax 
(20%), petrolatum (20%), mineral oil (15%), 
carnauba wax (10%), china clay (10%), and 
montan wax (4%). 

Some carbon paper can be reused. This 
comes in handy for use in sales books, for 
example, because only one sheet of carbon 
paper is needed to write out receipts for sev¬ 
eral sales. Reusable oil-soluble pencil car¬ 
bon produces indelible copy. It is commonly 
coated with a mixture of talc (39%), car¬ 
nauba wax (23%), lard oil (16%), oleic acid 
(15%), and victoria blue base (7%). 
Reusable pigment pencil carbon paper pro¬ 
duces erasable copy. It is coated with a mix¬ 
ture that commonly consists of milori blue 
(25%), carnauba wax (20%), mineral oil 
(16%), amber petrolatum (11%), petrolatum 
(11%), toning iron blue (10%), and paraffin 
wax (7%). Typewriter carbon is also 
reusable, and because of the heavy striking 
force of the typewriter key, it uses higher 
quality carbon black and finer ingredients 
than one-time or pencil carbon paper. It is 


commonly coated with an ink that consists of 
carnauba wax (32%), mineral oil (26%), car¬ 
bon black (12%), amber petrolatum (6%), 
beeswax (5%), ouricury wax (5%), ozokerite 
wax (5%), oleic acid (3%), pigmented purple 
toner (3%), crystal violet dye (2%), and vic¬ 
toria blue base (1%). For further protection, 
it also has a backing wax composed of car¬ 
nauba wax (40%), ouricury wax (40%), and 
microcrystalline wax (20%). 

The Manufacturing 
Process 

Carbon paper’s most important ingredient, 
carbon black, has changed in recent years. 
Before 1940, 90 percent of the carbon black 
produced in the United States was made from 
channel or impingement carbon, where tiny 
jets of gas flame impinged (struck) onto a 
cool metallic surface, such as an iron channel 
(or groove). The resultant soot from the par¬ 
tial combustion was then scraped off, pro¬ 
ducing carbon particles of approximately 10 8 
meters in diameter. This superb method of 
creating fine carbon black was abandoned in 
1976, however, because of a large increase in 
the price of natural gas.The current method 
of producing carbon black uses the furnace 
process, described below. The finished car¬ 
bon black is then coated onto paper using a 
series of offset rollers. 

Making carbon black 

1 A hydrocarbon (such as petroleum oil) 
and air are fed into a chamber. Part of the 
hydrocarbon undergoes incomplete combus¬ 
tion, raising the temperature inside the cham- 
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Two methods used to produce one¬ 
time carbon paper are the Mayer 
Method and the Flexographic 
Method. The two methods are simi¬ 
lar in that both feature paper mov¬ 
ing around a series of rolls, one of 
which contacts a carbon ink pan. 



FLEXOGRAPHIC METHOD 

Impression roll 



ber to 2,012-3,092 degrees Fahrenheit (1100- 
1,700 degrees Celsius). At this temperature, 
the unburned hydrocarbon decomposes to 
carbon black. 

2 The newly created carbon black is routed 
to a cooler, where it is sprayed with 
water. The fine black substance is then 
recovered using a centrifugal cyclone or a 
bag filter. 

Making one-time carbon paper 
(Mayer method) 

3 A large roll of coating paper (called the 
mill roll) unwinds and passes over 
another roll (the dope roll) sitting in a pan of 
carbon ink. The ink pan has been heated to 
between 168.8 and 179.6 degrees Fahrenheit 
(76 and 82 degrees Celsius). As the paper 
passes over this roll, the heated ink is trans¬ 
ferred onto one side of the paper. 

4 Next, the paper passes over an equalizer 
rod, which scrapes the coated paper to 


smooth it out and remove excess ink. The 
equalizer rod may be either smooth or 
ridged. The paper then passes over another 
roll, the chill roll, which cools and solidifies 
the ink onto the paper. Finally, the completed 
paper is rewound onto another roll. 

In the case of manifold business forms, 
the carbon paper is glued to another 
form, so the paper must have an uncoated 
strip without carbon where the adhesive can 
be applied. To accomplish this in the Mayer 
method, a strip of metal is simply placed in 
the proper place on the dope roll. This part of 
the roll thus picks up no ink from the ink pan 
to pass onto the paper. 

Flexographic method 

Another method, called the Flexographic 
method, can also be used to produce one¬ 
time carbon paper. First, a dope roll is coated 
with carbon ink from a heated pan below it. 
A metering roll contacts the dope roll and 
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The final step in carbon paper man¬ 
ufacture is perforation. This is per¬ 
formed automatically by a spot 
carbonizer-processing machine 
and includes both the perforations 
between sheets of carbon paper 
and the tiny holes (produced by slit¬ 
ting) along the edges of the paper. 


squeezes the ink to a uniform thickness. The 
ink is then transferred to a third roll, the print 
roll. 

7 Meanwhile, the paper is fed from a mill 
roll onto an impression roll that contacts 
the print roll, the third roll mentioned in step 
#5 above. When these two rolls come into 
contact, ink from the print roll is passed onto 
the paper on the impression roll. The paper 
then passes over a chill roll that solidifies the 
ink, before being rolled onto the rewind roll. 
For manifold business forms being produced 
with the Flexographic method, a shallow 
groove is formed on the print roll. Where this 
groove contacts the paper on the impression 
roll, no ink gets transferred. 

Perforation 

8 The final stage in the manufacture of 
one-time carbon paper is perforation. 
First, the carbon and the printed forms are 
slitted while they are being collated. Next, 


the huge rolls of carbon paper are cut into 
forms or sheets of the proper size. If neces¬ 
sary, line holes can also be punched into the 
paper. All of these operations are carried out 
automatically by a spot carbonizer-process¬ 
ing machine. Finally, the paper is stacked, 
boxed, and shipped to the customer. 

Typewriter Carbon Paper 

Typewriter carbon paper differs from one¬ 
time carbon paper in that it usually has an ink 
coating and backing wax, as well as printed 
material on the back. In this production 
method, a Flexographic set-up comprising a 
dope roll, metering roll, print roll, and impres¬ 
sion roll provides the means to print on the 
back of paper that has been supplied from a 
mill roll. After printing, the paper passes over 
a dope roll to receive a carbon ink coating that 
is smoothed with an equalizer rod as in the 
Mayer method. Next, the paper travels to a 
wax dope roll, which coats it with backing 
wax. As in the other methods, a chill roll then 
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solidifies the wax. A felt buffing roll is some¬ 
times used to improve the product’s appear¬ 
ance before it is rolled onto a rewind roll. 

Quality Control 

The principle behind carbon paper is simple, 
yet producing it is difficult. A modem manu¬ 
facturer of carbon paper tests all incoming 
raw materials for quality. A large number of 
tests can be applied to carbon black, includ¬ 
ing those for pigments and sulfur content. 
The carbon black selected should also be of 
fine particle size, which is determined by 
measuring the average diameter of a carbon 
black particle with an electron microscope. 
In addition, it should have low oil absorption, 
and the absorbency and pH of the carbon 
black are tested prior to use. The inks are 
tested for fineness of grain, which affects the 
final smoothness of the coating. The wax 
binder should penetrate only slightly into the 
paper and have the proper viscosity. To 
ensure proper lettering, the amount of wax 
released under pressure is tested. The paper 
itself should be smooth, nonporous, and free 
of surface defects. Although it must be a thin 
tissue, it should also be strong and dense. 
The finished carbon paper must be free of 
defects: no offset, flaking, wrinkles, or curl. 
It must work properly; the resultant copy 
must be clean and legible. The coating 
should be hard enough to meet its intended 
use; for example, one-time carbon doesn’t 
require as hard a coating as typewriter car¬ 
bon, which must also have a compounded 
coating of good color so it can be reused. 

Other tests exist for finished carbon paper. 
To determine the amount of ink that was 
deposited, a specimen of carbon paper is 
selected and weighed. Its deposit of ink is 
then chemically removed before it is 
reweighed. The difference in weight indi¬ 
cates the amount of ink deposited. Curl is a 
frequent complaint about carbon paper, even 
though carbon paper is frequently coated on 
both sides (one side with the carbon, the other 
with backing wax) to combat the problem. To 
test for curl under different conditions, a 
piece of carbon paper is placed on a flat sur¬ 
face and, under controlled temperature, sub¬ 
jected to different humidities. The durability 
of reusable typewriter carbon paper is 
checked by repeatedly typing on one space 
until the carbon wears out. The cleanliness of 


both the copy and the carbon paper itself is 
important. To test the first, a document is 
typed and the copy is examined to see if it is 
clean. To test the second, the carbon side is 
rubbed with a clean, crumpled sheet of paper, 
which is then examined to see how much car¬ 
bon has rubbed off. The color and thickness 
of the carbon must be inspected visually to 
see if they meet quality standards. 

The Future 

In 1991, over 62,000 metric tons of carbon 
paper were produced in the United States. 
However, during the same period, over 
600,000 metric tons of carbonless transfer 
paper were manufactured. Ideal for handwrit¬ 
ten records, carbonless paper utilizes chemi¬ 
cally coated sheets that react under pressure, 
producing a colored image. Although carbon¬ 
less paper weighs significantly more than car¬ 
bon paper and is less suitable for typewritten 
and computerized records, its demand is 
increasing at the expense of carbon paper. 
(This demand for “regular” paper can also be 
attributed to the increasing availability of pho¬ 
tocopiers.) It is likely that, as electronic com¬ 
munication becomes more prevalent, carbon 
paper will become obsolete. Presently, 
though, there is enough demand from busi¬ 
nesses that utilize carbon paper for credit card 
receipts and computerized records to insure 
the survival of this simple, inexpensive prod¬ 
uct for some time to come. 

Where To Learn More 

Books 

Casey, James P. Chemistry and Chemical 
Technology, Vol. IV, Pulp and Paper. John 
Wiley and Sons, 1983. 

Mantell, Charles L. Carbon and Graphite 
Handbook. John Wiley and Sons, 1968. 

The Manufacture of Pulp & Paper: Science & 
Engineering Concepts. Technical Association 
of the Pulp & Paper Industry, 1988. 

Mosher, Robert H. and Dale S. Davis. In¬ 
dustrial and Specialty Papers, Vol. Ill: 
Applications. Chemical Publishing, 1969. 

Proudfoot, W. B. The Origin of Stencil Dup¬ 
licating. Hutchinson and Company, 1972. 

— Rose Secrest 
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Cellophane Tape 


Background 

Cellophane tape consists of a backing to 
which an adhesive substance is affixed for 
the purpose of joining materials with a sur¬ 
face bond. Usually, a film of cellulose (a 
man-made textile fiber produced from plant 
matter) provides the backing for adherends 
made from chemically treated petroleum 
byproducts that create the tape’s stickiness. 
Cellophane tape belongs to a family of adhe¬ 
sives known as pressure sensitive tapes: 
while other types of adhesives are activated 
by heat or water, pressure sensitive tapes 
adhere when only slight pressure is applied. 
These tapes are marketed primarily in the 
labeling industry, and includes such products 
as generic cellophane tape, masking tape, 
packing labels, and, perhaps the best known, 
transparent tape. 

Early adhesives—the term denotes any sub¬ 
stance used to join discrete materials by 
forming a surface attachment—were made 
from natural substances including tree pitch, 
beeswax, flour paste, and vegetable resins. 
These primitive glues were used extensively 
from ancient times through the Middle Ages, 
when more effective glues made from animal 
tissues were developed. During the nine¬ 
teenth century, the introduction of rubber- 
based adhesives provided a still more 
effective alternative. 

Pressure sensitive tapes were discovered dur¬ 
ing the mid-1800s, as scientists sought new 
applications for rubber. In 1845, Dr. Horace 
Day invented a rubber-based pressure sensi¬ 
tive tape for use in surgery. Because rubber 
possesses limited stickiness, the early adhe¬ 
sive tapes based on Day’s invention required 
supplemental tackifying agents—oils and 
resins added to enhance adhesion. 


The first adhesive tape was developed in the 
early twentieth century, due to a problem in 
the fledgling automobile industry. During 
the 1920s, when two-toned cars were popu¬ 
lar, manufacturers had problems achieving a 
clean, crisp line between the two paint fin¬ 
ishes. They tried using surgical tape but had 
problems because it did not form a proper 
seal and tended to lift off paint when it was 
removed. At that time, the Minnesota 
Mining and Manufacturing company (now 
better known as 3M) manufactured sandpa¬ 
per. The firm entered the adhesive tape busi¬ 
ness when Richard Drew, a 3M lab worker 
who often visited the auto shops to test sand¬ 
paper, took on the challenge of finding a tape 
that would form a seal without damaging the 
car’s paint when it was removed. The prod¬ 
uct Drew eventually devised, a rubber-based 
adhesive coated on a paper backing, resem¬ 
bled today’s masking tape. 

According to corporate legend, the brand 
name “Scotch tape” was coined when a proto¬ 
type batch of Drew’s tape received an adhe¬ 
sive coating only along its edges. This 
proved insufficient, prompting one irked 
painter to complain to his 3M sales rep about 
the company’s “stingy Scotch bosses.” 
Company executives seized upon the word 
“Scotch” because they hoped it would sug¬ 
gest that 3M tape was an economical product. 
After realizing that it would be necessary to 
coat the entire strip with adhesive, 3M began 
mass producing masking tape for auto paint¬ 
ing and soon went on to make a transparent, 
or cellophane, tape for general consumer use. 
Transparent tape eventually became a house¬ 
hold material used primarily to mend torn 
pages and wrap packages. 

The development of synthetic resins and 
compounds after World War II made possible 


While other types of 
adhesives are activated by 
heat or water, pressure 
sensitive tapes adhere 
when only slight pressure 
is applied. These tapes 
are marketed primarily in 
the labeling industry, and 
include such products as 
generic cellophane tape, 
masking tape, packing 
labels, and, perhaps the 
best known, transparent 
tape. 
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Once the acetate film is produced, it 
is wound on large spools and 
loaded into a machine that applies 
the adhesive. The machine uses a 
series of rollers, much like a printing 
press. After the adhesive is applied, 
the film is heated and dried and 
then cut into individual strips that 
are packaged inside plastic dis¬ 
pensers. 


great refinements of adhesive technology. 
Unlike Drew’s invention, contemporary tape 
does not yellow or ooze adhesive as it ages. It 
can be written on, resists water, unwinds and 
rewinds easily, and is transparent. Today, 
more than 400 varieties of pressure sensitive 
tapes are manufactured. Some examples 
include electrical tape, masking tape, packag¬ 
ing tape, band aids, transparent tape and 
labels—all available in different sizes, 
widths, and, in some cases, shapes. 

Raw Materials 


chlorinated rubber. To produce the final adhe¬ 
sive substance, some manufacturers use as 
many as 29 raw materials that go through var¬ 
ious stages of production. However, the 
generic adherend is made up of acrylic resins, 
petroleum byproducts that are broken down 
into alcohols and acids before being fused into 
a polymer compound. This compound is then 
mixed with mineral spirits or a hydrocarbon 
solvent, creating an aqueous emulsion (a solu¬ 
tion in which the microscopic resin particles 
are held suspended) that is applied to the 
backing. 


While some pressure sensitive tapes are still 
prepared with natural rubber, the majority are 
now made using mostly synthetic materials. 
The backing for cellophane tape usually con¬ 
sists of cellulose acetate, a synthetic derivative 
of cellulose, which comes from wood pulp or 
cotton seeds. The cellulose is chemically 
treated with acetic acid and anhydride, and the 
side that won’t receive an adhesive coating is 
treated with a release agent that enables the 
tape to be wound and unwound without stick¬ 
ing together. Although this compound varies 
among manufacturers, some commonly used 
substances include stearato chromic chloride 
and polystearic carbonate. Prior to the appli¬ 
cation of the adhesive, the adherend side of 
the backing may be primed with a solvent or 
aqueous dispersions such as nitrile rubber or 


The Manufacturing 
Process 

Three separate manufacturing operations are 
necessary to produce a single roll of house¬ 
hold pressure sensitive tape. First, the cellu¬ 
lose acetate backing is prepared, and then the 
adhesive is made. After the two materials are 
combined, the final product is cut into small 
batches for individual consumer use, 
inspected, packaged, and shipped. 

Preparing the backing 

1 First, wood pulp or cotton seeds are broken 
down into cellulose fibers through both 
physical crushing and chemical decomposi¬ 
tion. Next, the raw cellulose fibers are treated 


1 0 6 





Cellophane Tape 


Release 

Coating 


Fi 


m 



Primer Adhesive 


This drawing shows the makeup of 
a layer of cellophane tape. The 
release coating makes the tape eas¬ 
ier to unwind, while the primer 
helps secure the adhesive to the 
film. 


with acetic acid and acetic anhydride to create 
a new compound, triacetate. This material is 
then treated with a mixture of chemicals and 
water to produce the basic form of cellulose 
acetate. After being heated to remove all 
moisture, the cellulose acetate is mixed with a 
plasticizing material similar to oil, and the 
resulting cellulose acetate plastic is made into 
pellets, or pelletized. The pellets are melted 
into a liquid and spread over a wide, flat con¬ 
veyer belt to form extremely thin plastic 
sheets—it would take about five such sheets 
to equal the thickness of common paper. The 
completed backing, or film, is then wound on 
large rolls several thousand yards long to 
await the application of the adhesive. 

Making the adhesive 

2 Modern adhesives differ from their nine¬ 
teenth century precursors in that aclhe- 
somers, the synthetic polymers they're based 
on, are inherently sticky and so require no 
additional tackifying agents. Such polymers 
are made from crude oil distillate that is 
chemically reacted to form alcohols and 
acids. These materials are then mixed with a 
hydrocarbon solvent that catalyzes their 
polymerization, the process by which they 
combine to form a complex molecular chain 
made up of repeating structural sequences. 
The resulting adhesomer may be used in this 
form or redissolved with more coating sol¬ 
vents, depending on its intended application. 
It is then stored until needed. 

Combining film and adhesive 

3 First, the non-adhesive side of the back¬ 
ing is treated with a release agent that 


makes the tape easy to unwind. Before the 
adhesive is applied to the sticky side, the side 
may be treated with a primer to anchor the 
adhesive. This coating is applied by routing 
the film over a large roller that rotates in an 
open vat of primer. As the tape moves over 
the roller, it applies the primer. Once these 
surface coats have been applied, the tape 
travels over heated drums (known as hot 
cans) that dry it. A very thin layer of pres¬ 
sure sensitive adhesive is metered onto the 
primed side of the tape, which is then rolled 
into long ovens for high-temperature drying. 

Rolling, cutting, and packaging the 
tape 

4 Once dried, the tape is wound onto large 
jumbo rolls and routed over slicers that 
divide it into varying widths. The individual 
bands of tape are then wound around a small 
plastic core, which is next fitted inside a plas¬ 
tic dispenser whose serrated edge can be 
used to cut lengths of tape. Both tape rolls 
and dispensers come in a variety of sizes to 
fit varying customer needs. 

Qualify Control 

Pressure sensitive tape performance depends 
on three factors known in the adhesive indus¬ 
try as quick stick, cohesion, and adhesion. 
These properties must be properly balanced 
to achieve maximum performance. Quick 
stick is the tack of the adhesive where it 
forms an instantaneous bond on contacting 
another surface. The adhesive must "wet" 
any surface to which it is applied with only 
light finger pressure. The second criterion. 
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cohesion, refers to the ability of the adhesive 
to remain bonded to an object without split¬ 
ting when lifted away from that object. 
Pressure sensitive tape performs best with a 
high cohesive property. The tape’s sticki¬ 
ness, or adhesion, is commonly measured by 
a “peel” test that examines the tape before 
and after it is applied to a surface and deter¬ 
mines how it reacts to pressure and tempera¬ 
ture changes. 

Additional specifications and test methods are 
described in documents released by the fed¬ 
eral government, the military, and organiza¬ 
tions such as the American Society for Testing 
and Materials (ASTM) and the Pressure 
Sensitive Tape Council. Specifications essen¬ 
tially describe the characteristics of the adhe¬ 
sive while the methods protocols address 
testing procedures, forms, types, grades, and 
sizes. 

Environmental Concerns 

As the regulation of manufacturing processes 
under the Clean Air Act becomes stricter, the 
adhesive tape industry continues its efforts to 
shift from petroleum-based to water-based 
adhesives. Manufacturers must also comply 
with varying state and local regulations con¬ 
cerning groundwater contamination and 
wastewater treatment. As regulatory issues 
become more defined with specific mandates, 
the adhesive industry manufacturing process 
will continue to adapt its technologies. 
Currently, adhesive tape manufacturers are 
concentrating on increasing repulpability, the 
recyclability of paper adhesives, and com- 
postability, the adhesive’s ability to biode¬ 
grade. While several repulpable mills are 
already in operation, there are few compost- 
treatment sites. 

The Future 

In 1990, the adhesive industry reported over¬ 
all sales of $6.5 billion. Of those sales, $2 bil¬ 


lion were in packaging adhesives. Experts list 
environmental consciousness as a big selling 
point, and manufacturers will seek to obtain 
the “environmental tag” on their products as 
they develop tape products that perform well 
while meeting environmental regulations. 

Where To Learn More 

Books 

Dunning, Henry R. Pressure Sensitive Adhe¬ 
sives: Formulations and Technology. Noyes 
Data Corporation, 1977. 

Katz, Irving. Adhesive Materials. Foster 
Publishing, 1964. 

Skeist, Irving. Handbook of Adhesives. Van 
Nostrand Reinhold, 1977. 

Periodicals 

Axinn, David. “High-Tech Advance,” 
Chemical Marketing Reporter. August 26, 
1991, p. 21. 

Jensen, Timothy B. “PSA Tapes Offer 
Environmental Advantages in Packaging,” 
Adhesives Age. September, 1992, p. 10. 

Loesel, Andrew. “Sticky Solutions,” Chem¬ 
ical Marketing Reporter. August 26, 1991, 
pp. 15-16. 

Mattes, Eileen. “Pressure Sensitive, Growth- 
Prone,” Chemical Marketing Reporter. 
August 26, 1991, pp. 17 and 20. 

Pamphlets 

3M Tape and Specialties Division. The “Big 
Idea. ” 

— Catherine Kolecki 
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Ceramic Tile 


Background 

Wall and floor tile used for interior and exte¬ 
rior decoration belongs to a class of ceramics 
known as whitewares. The production of tile 
dates back to ancient times and peoples, 
including the Egyptians, the Babylonians, 
and the Assyrians. For instance, the Step 
Pyramid for the Pharoah Djoser, built in 
ancient Egypt around 2600 b.c., contained 
colorful glazed tile. Later, ceramic tile was 
manufactured in virtually every major 
European country and in the United States. 
By the beginning of the twentieth century, 
tile was manufactured on an industrial scale. 
The invention of the tunnel kiln around 1910 
increased the automation of tile manufacture. 
Today, tile manufacture is highly automated. 

The American National Standards Institute 
separates tiles into several classifications. 
Ceramic mosaic tile may be either porcelain 
or of natural clay composition of size less 
than 39 cm 2 (6 in. 2 ). Decorative wall tile is 
glazed tile with a thin body used for interior 
decoration of residential walls. Paver tile is 
glazed or unglazed porcelain or natural clay 
tile of size 39 cm 2 (6 in. 2 ) or more. Porcelain 
tile is ceramic mosaic tile or paver tile that is 
made by a certain method called dry press¬ 
ing. Quarry tile is glazed or unglazed tile of 
the same size as paver tile, but made by a dif¬ 
ferent forming method. 

Europe, Latin America, and the Far East are 
the largest producers of tile, with Italy the 
leader at 16.6 million ft.Vday as of 1989. 
Following Italy (at 24.6 percent of the world 
market) are Spain (12.6 percent), Brazil and 
Germany (both at 11.2 percent), and the 
United States (4.5 percent). The total market 
for floor and wall tile in 1990 according to 
one estimate was $2.4 billion. 


The United States has approximately 100 
plants that manufacture ceramic tile, which 
shipped about 507 million ft. 2 in 1990 accord¬ 
ing to the U.S. Department of Commerce. 
U.S. imports, by volume, accounted for 
approximately 60 percent of consumption in 
1990, valued at around $500 million. Italy 
accounts for almost half of all imports, with 
Mexico and Spain following. U.S. exports 
have seen some growth, from $12 million in 
1988 to about $20 million in 1990. 

Because the tile industry is a relatively 
mature market and dependent on the building 
industry, growth will be slow. The United 
States Department of Commerce estimates a 
three to four percent increase in tile con¬ 
sumption over the next five years. Another 
economic analysis predicts that 494 million 
ft. 2 will be shipped in 1992, a growth of about 
4 percent from the previous year. Some tile 
manufacturers are a bit more optimistic; an 
American Ceramic Society survey showed 
an average growth of around 36 percent per 
manufacturer over the next five years. 

Raw Materials 

The raw materials used to form tile consist of 
clay minerals mined from the earth’s crust, 
natural minerals such as feldspar that are 
used to lower the firing temperature, and 
chemical additives required for the shaping 
process. The minerals are often refined or 
beneficiated near the mine before shipment 
to the ceramic plant. 

The raw materials must be pulverized and 
classified according to particle size. Primary 
crushers are used to reduce large lumps of 
material. Either a jaw crusher or gyratory 
crusher is used, which operate using a hori- 


Among the pollutants 
produced in tile 
manufacture are fluorine 
and lead compounds, 
which are produced 
during firing and glazing. 
Lead compounds have 
been significantly reduced 
with the recent 
development of no-lead or 
low-lead glazes. Fluorine 
emissions can be 
controlled with scrubbers, 
devices that spray the 
gases with water to 
remove harmful pollutants. 
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The initial step in ceramic tile manu¬ 
facture involves mixing the ingredi¬ 
ents. Sometimes, water is then 
added and the ingredients are wet 
milled or ground in a ball mill. If wet 
milling is used, the excess water is 
removed using filter pressing fol¬ 
lowed by spray drying. The result¬ 
ing powder is then pressed into the 
desired tile body shape. 


zontal squeezing motion between steel plates 
or rotating motion between steel cones, 
respectively. 

Secondary crushing reduces smaller lumps to 
particles. Hammer or muller mills are often 
used. A muller mill uses steel wheels in a 
shallow rotating pan, while a hammer mill 
uses rapidly moving steel hammers to crush 
the material. Roller or cone type crushers 
can also be used. 

A third particle size reduction step may be 
necessary. Tumbling types of mills are used 
in combination with grinding media. One of 
the most common types of such mills is the 
ball mill, which consists of large rotating 
cylinders partially filled with spherical grind¬ 
ing media. 

Screens are used to separate out particles in a 
specific size range. They operate in a sloped 
position and are vibrated mechanically or 
electromechanically to improve material 
flow. Screens are classified according to 
mesh number, which is the number of open¬ 
ings per lineal inch of screen surface. The 
higher the mesh number, the smaller the 
opening size. 

A glaze is a glass material designed to melt 
onto the surface of the tile during firing, and 
which then adheres to the tile surface during 
cooling. Glazes are used to provide moisture 
resistance and decoration, as they can be col¬ 
ored or can produce special textures. 

The Manufacturing 
Process 

Once the raw materials are processed, a num¬ 
ber of steps take place to obtain the finished 
product. These steps include batching, mix¬ 


ing and grinding, spray-drying, forming, dry¬ 
ing, glazing, and firing. Many of these steps 
are now accomplished using automated 
equipment. 

Batching 

I For many ceramic products, including 
tile, the body composition is determined 
by the amount and type of raw materials. The 
raw materials also determine the color of the 
tile body, which can be red or white in color, 
depending on the amount of iron-containing 
raw materials used. Therefore, it is important 
to mix the right amounts together to achieve 
the desired properties. Batch calculations are 
thus required, which must take into consider¬ 
ation both physical properties and chemical 
compositions of the raw materials. Once the 
appropriate weight of each raw material is 
determined, the raw materials must be mixed 
together. 

Mixing and grinding 

2 Once the ingredients are weighed, they 
are added together into a shell mixer, rib¬ 
bon mixer, or intensive mixer. A shell mixer 
consists of two cylinders joined into a V, 
which rotates to tumble and mix the material. 
A ribbon mixer uses helical vanes, and an 
intensive mixer uses rapidly revolving 
plows. This step further grinds the ingredi¬ 
ents, resulting in a finer particle size that 
improves the subsequent forming process 
(see step #4 below). 

Sometimes it is necessary to add water to 
improve the mixing of a multiple-ingredient 
batch as well as to achieve fine grinding. 
This process is called wet milling and is 
often performed using a ball mill. The result¬ 
ing water-filled mixture is called a slurry or 
slip. The water is then removed from the 
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slurry by filter pressing (which removes 40- 
50 percent of the moisture), followed by dry 
milling. 

Spray drying 

3 If wet milling is first used, the excess 
water is usually removed via spray dry¬ 
ing. This involves pumping the slurry to an 
atomizer consisting of a rapidly rotating disk 
or nozzle. Droplets of the slip are dried as 
they are heated by a rising hot air column, 
forming small, free flowing granules that 
result in a powder suitable for forming. 

Tile bodies can also be prepared by dry grind¬ 
ing followed by granulation. Granulation 
uses a machine in which the mixture of previ¬ 
ously dry-ground material is mixed with 
water in order to form the particles into gran¬ 
ules, which again form a powder ready for 
forming. 

Forming 

4 Most tile is formed by dry pressing. In 
this method, the free flowing powder— 
containing organic binder or a low percent¬ 
age of moisture—flows from a hopper into 
the forming die. The material is compressed 
in a steel cavity by steel plungers and is then 
ejected by the bottom plunger. Automated 
presses are used with operating pressures as 
high as 2,500 tons. 

Several other methods are also used where 
the tile body is in a wetter, more moldable 
form. Extrusion plus punching is used to 
produce irregularly shaped tile and thinner 
tile faster and more economically. This 
involves compacting a plastic mass in a high- 
pressure cylinder and forcing the material to 
flow out of the cylinder into short slugs. 
These slugs are then punched into one or 
more tiles using hydraulic or pneumatic 
punching presses. 

Ram pressing is often used for heavily pro¬ 
filed tiles. With this method, extruded slugs 
of the tile body are pressed between two 
halves of a hard or porous mold mounted in a 
hydraulic press. The formed part is removed 
by first applying vacuum to the top half of 
the mold to free the part from the bottom 
half, followed by forcing air through the top 
half to free the top part. Excess material 
must be removed from the part and addi¬ 
tional finishing may be needed. 


Another process, called pressure glazing, has 
recently been developed. This process com¬ 
bines glazing and shaping simultaneously by 
pressing the glaze (in spray-dried powder 
form) directly in the die filled with the tile 
body powder. Advantages include the elimi¬ 
nation of glazing lines, as well as the glazing 
waste material (called sludge) that is pro¬ 
duced with the conventional method. 

Drying 

Ceramic tile usually must be dried (at 
high relative humidity) after forming, 
especially if a wet method is used. Drying, 
which can take several days, removes the 
water at a slow enough rate to prevent 
shrinkage cracks. Continuous or tunnel dri¬ 
ers are used that are heated using gas or oil, 
infrared lamps, or microwave energy. 
Infrared drying is better suited for thin tile, 
whereas microwave drying works better for 
thicker tile. Another method, impulse drying, 
uses pulses of hot air flowing in the trans¬ 
verse direction instead of continuously in the 
material flow direction. 

Glazing 

To prepare the glaze, similar methods are 
used as for the tile body. After a batch 
formulation is calculated, the raw materials 
are weighed, mixed and dry or wet milled. 
The milled glazes are then applied using one 
of the many methods available. In centrifugal 
glazing or discing, the glaze is fed through a 
rotating disc that flings or throws the glaze 
onto the tile. In the bell/waterfall method, a 
stream of glaze falls onto the tile as it passes 
on a conveyor underneath. Sometimes, the 
glaze is simply sprayed on. For multiple glaze 
applications, screen printing on, under, or 
between tile that have been wet glazed is 
used. In this process, glaze is forced through a 
screen by a rubber squeegee or other device. 

Dry glazing is also being used. This involves 
the application of powders, crushed frits 
(glass materials), and granulated glazes onto 
a wet-glazed tile surface. After firing, the 
glaze particles melt into each other to pro¬ 
duce a surface like granite. 

Firing 

After glazing, the tile must be heated 
intensely to strengthen it and give it the 
desired porosity. Two types of ovens, or 
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After forming, the tile is dried slowly 
(for several days) and at high 
humidity, to prevent cracking and 
shrinkage. Next, the glaze is 
applied, and then the tile is fired in 
a furnace or kiln. Although some 
types of tile require a two-step firing 
process, wet-milled tile is fired only 
once, at temperatures of 2,000 
degrees Fahrenheit or more. After 
firing, the tile is packaged and 
shipped. 


kilns, are used for firing tile. Wall tile, or tile 
that is prepared by dry grinding instead of 
wet milling (see #2 and #3 above), usually 
requires a two-step process. In this process, 
the tile goes through a low-temperature firing 
called bisque firing before glazing. This step 
removes the volatiles from the material and 
most or all of the shrinkage. The body and 
glaze are then fired together in a process 
called glost firing. Both firing processes take 
place in a tunnel or continuous kiln, which 
consists of a chamber through which the 
ware is slowly moved on a conveyor on 
refractory batts—shelves built of materials 
that are resistant to high temperatures—or in 
containers called saggers. Firing in a tunnel 
kiln can take two to three days, with firing 
temperatures around 2,372 degrees 
Fahrenheit (1,300 degrees Celsius). 

For tile that only requires a single firing— 
usually tile that is prepared by wet milling— 
roller kilns are generally used. These kilns 
move the wares on a roller conveyor and do 
not require kiln furnitures such as batts or 
saggers. Firing times in roller kilns can be as 
low as 60 minutes, with firing temperatures 
around 2,102 degrees Fahrenheit (1,150 
degrees Celsius) or more. 

8 After firing and testing, the tile is ready 
to be packaged and shipped. 


Byproducts 

A variety of pollutants are generated during 
the various manufacturing steps; these emis¬ 
sions must be controlled to meet air control 
standards. Among the pollutants produced in 
tile manufacture are fluorine and lead com¬ 
pounds, which are produced during firing 
and glazing. Lead compounds have been sig¬ 
nificantly reduced with the recent develop¬ 
ment of no-lead or low-lead glazes. Fluorine 
emissions can be controlled with scrubbers, 
devices that basically spray the gases with 
water to remove harmful pollutants. They 
can also be controlled with dry processes, 
such as fabric filters coated with lime. This 
lime can then be recycled as a raw material 
for future tile. 

The tile industry is also developing processes 
to recycle wastewater and sludge produced 
during milling, glazing, and spray-drying. 
Already some plants recycle the excess pow¬ 
der generated during dry-pressing as well as 
the overspray produced during glazing. 
Waste glaze and rejected tile are also returned 
to the body preparation process for reuse. 

Quality Control 

Most tile manufacturers now use statistical 
process control (SPC) for each step of the 
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manufacturing process. Many also work 
closely with their raw material suppliers to 
ensure that specifications are met before the 
material is used. Statistical process control 
consists of charts that are used to monitor 
various processing parameters, such as parti¬ 
cle size, milling time, drying temperature and 
time, compaction pressure, dimensions after 
pressing, density, firing temperature and 
time, and the like. These charts identify prob¬ 
lems with equipment, out of spec conditions, 
and help to improve yields before the final 
product is finished. 

The final product must meet certain specifi¬ 
cations regarding physical and chemical 
properties. These properties are determined 
by standard tests established by the 
American Society of Testing and Materials 
(ASTM). Properties measured include 
mechanical strength, abrasion resistance, 
chemical resistance, water absorption, 
dimensional stability, frost resistance, and 
linear coefficient of thermal expansion. 
More recently, the slip resistance, which can 
be determined by measuring the coefficient 
of friction, has become a concern. However, 
no standard has yet been established because 
other factors (such as proper floor design and 
care) can make results meaningless. 

The Future 

In order to maintain market growth, tile man¬ 
ufacturers will concentrate on developing 
and promoting new tile products, including 
modular or cladding tile, larger-sized tile, 
slip- and abrasion-resistant tile, and tile with 
a polished, granite or marble finish. This is 
being accomplished through the develop¬ 
ment of different body formulations, new 
glazes, and glaze applications, and by new 
and improved processing equipment and 
techniques. Automation will continue to play 


an important role in an effort to increase pro¬ 
duction, lower costs, and improve quality. In 
addition, changes in production technology 
due to environmental and energy resource 
issues will continue. 

Where To Learn More 

Books 

Bender, W. and F. Handle, eds. Brick and 
Tile Making: Procedures and Operating 
Practices in the Heavy Clay Industries. 
Bauverlag GmbH, 1982. 

Jones, J. T. and M. F. Berard. Ceramics: 
Industrial Processing and Testing. Iowa 
State University Press, 1972. 

Pellacani, G. and T. Manfredini. Engineered 
Materials Handbook. ASM International, 
1991, pp. 925-929. 

Periodicals 

Burzacchini, B. “Technical Developments in 
Ceramic Tile Glazes and Related Appli¬ 
cations,” American Ceramic Society 
Bulletin. March, 1991, pp. 394-403. 

Fugmann, K. “Rapid Changes in Tile 
Technology,” Tile & Brick International. 
March, 1991, pp. 165-166. 

Gehringer, George. “Tile Glossary: A Guide 
to Techniques and Surface Designs,” 
American Ceramic Society Bulletin. 
December, 1990, pp. 1950-1952. 

Geiger, Greg. “Developments in the Tile 
Industry,” American Ceramic Society 
Bulletin. December, 1991, pp. 1879-1885. 

— L. S. Millberg 
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Chalk 


Almost all chalk produced 
today is dustless. Earlier, 
softer chalk tended to 
produce a cloud of dust 
that some feared might 
contribute to respiratory 
problems. Dustless chalk 
still produces dust; it's just 
that the dust settles faster. 
Manufacturers accomplish 
this by baking their chalk 
longer to harden it more. 


Background 

Chalk used in school classrooms comes in 
slender sticks approximately .35 of an inch 
(nine millimeters) in diameter and 3.15 
inches (80 millimeters) long. Lessons are 
often presented to entire classes on chalk¬ 
boards (or blackboards, as they were origi¬ 
nally called) using sticks of chalk because 
this method has proven cheap and easy. 

As found in nature, chalk has been used for 
drawing since prehistoric times, when, 
according to archaeologists, it helped to cre¬ 
ate some of the earliest cave drawings. 
Later, artists of different countries and styles 
used chalk mainly for sketches, and some 
such drawings, protected with shellac or a 
similar substance, have survived. Chalk was 
first formed into sticks for the convenience 
of artists. The method was to grind natural 
chalk to a fine powder, then add water, clay 
as a binder, and various dry colors. The 
resultant putty was then rolled into cylinders 
and dried. Although impurities produce nat¬ 
ural chalk in many colors, when artists made 
their own chalk they usually added pigments 
to render these colors more vivid. Carbon, 
for example, was used to enhance black, and 
ferric oxide (FejCh) created a more vivid red. 

Chalk did not become standard in school¬ 
rooms until the nineteenth century, when 
class sizes began to increase and teachers 
needed a convenient way of conveying infor¬ 
mation to many students at one time. Not 
only did instructors use large blackboards, 
but students also worked with individual 
chalkboards, complete with chalk sticks and a 
sponge or cloth to use as an eraser. These 
small chalkboards were used for practice, 
especially among the younger students. Pens 
dipped in ink wells were the preferred tool for 


writing final copy, but these were reserved for 
older students who could be trusted not to 
make a mess: paper—made solely from rags 
at this time—was expensive. 

An important change in the nature of class¬ 
room chalk paralleled a change in chalk¬ 
boards. Blackboards used to be black, 
because they were made from true slate. 
While some experts advocated a change to 
yellow chalkboards and dark blue or purple 
chalk to simulate writing on paper, when 
manufacturers began to fashion chalkboards 
from synthetic materials during the twentieth 
century, they chose the color green, arguing 
that it was easier on the eyes. Yellow 
became the preferred color for chalk. 

Almost all chalk produced today is dustless. 
Earlier, softer chalk tended to produce a 
cloud of dust that some feared might con¬ 
tribute to respiratory problems. Dustless 
chalk still produces dust; it’s just that the 
dust settles faster. Manufacturers accom¬ 
plish this by baking their chalk longer to 
harden it more. Another method, used by a 
French company, is to dip eighty percent of 
each dustless chalk stick in shellac to prevent 
the chalk from rubbing off onto the hands. 

Raw Materials 

The main component of chalk is calcium car¬ 
bonate (CaCCh), a form of limestone. 
Limestone deposits develop as coccoliths 
(minute calcareous plates created by the 
decomposition of plankton skeletons) accu¬ 
mulate, forming sedimentary layers. 
Plankton, a tiny marine organism, concen¬ 
trates the calcium found naturally in seawater 
from .04 percent to 40 percent, which is then 
precipitated when the plankton dies. 
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GRINDING 


QUARRYING 


CRUSHING 


The base of pastel chalks is calcium sulfate 
(CaSOi), which is derived from gypsum 
(CaSCWHiO), an evaporite mineral formed 
by the deposition of ocean brine; it also 
occurs disseminated in limestone. Chalk and 
dehydrated gypsum thus have similar origins 
and properties. Pastels also contain clays 
and oils for binding, and strong pigments. 
This mixture produces sticks that write 
smoothly without smearing and draw better 
on paper than on chalkboards. Although 
great care is taken to eliminate contaminants 
when chalk is manufactured, some impurities 
inherent to the mineral remain. Chief among 
these are silica, alumina, iron, phosphorus, 
and sulfur. In less significant, amounts, 
manganese, copper, titanium, sodium oxide, 
potassium oxide, fluorine, arsenic, and stron¬ 
tium may also occur. 

The Manufacturing 
Process 

Quarrying limestone 

1 Approximately 95 percent of the lime¬ 
stone produced in the United States is 
quarried. After a sufficient reserve (twenty- 
five years’ worth is recommended) has been 
prospected, the land that covers the deposit is 
removed with bulldozers and scrapers. If the 


chalk is close to the surface, an open shelf 
quarry method can be used; however, this is 
very rare. Usually an open pit quarry method 
is used instead. In this method, holes are 
drilled into the rock, explosives are placed 
inside, and the rock is blown apart. 
Depending on the nature of the deposit, a pit 
can be enlarged laterally or vertically. 

Pulverizing the chalk 

2 Once comparatively large chunks of 
limestone have been quarried, they need 
to be transported to crushing machines, 
where they are pulverized to meet the 
demands of the chalk industry. The first step 
is primary crushing. Various crushers exist, 
but the principle is the same: all compress 
the stone with jaws or a cone, or shatter it 
through impact. Secondary crushing is 
accomplished by smaller crushers that work 
at higher speeds, producing pebbles which 
are then ground and pulverized. 

3 The next phase, wet grinding, washes 
away impurities. It is used to make the 
fine grade of limestone necessary to make 
chalk suitable for writing purposes. Wet 
grinding is carried out in ball mills—rotating 
steel drums with steel balls inside that pul¬ 
verize the chalk until it is very fine. 


To make chalk, limestone is first 
quarried, generally by an open pit 
quarry method. Next, the limestone 
must be crushed. Primary crushing, 
such as in a jaw crusher, breaks 
down large boulders; secondary 
crushing pulverizes smaller chunks 
into pebbles. The limestone is then 
wet-milled with water in a ball mill— 
a rotating steel drum with steel balls 
inside to further pulverize the chalk. 
This step washes away impurities 
and leaves a fine powder. 
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After grinding, the chalk particles 
are sifted over vibrating screens to 
separate the finer particles. The par¬ 
ticles are then mixed with water, 
extruded through a die of the 
proper size, and cut to the proper 
length. Finally, the chalk is cured in 
an oven for four days. 


Dehydrating gypsum 

4 Gypsum, like limestone, is also quarried 
and pulverized. The major difference in 
processing gypsum is that it must be dehy¬ 
drated to form calcium sulfate, the major 
component of colored chalk. This is done in 
a kettle, a large combustion chamber in 
which the gypsum is heated to between 244 
and 253 degrees Fahrenheit (116-121 
degrees Celsius). It is allowed to boil until it 
has been reduced by twelve to fifteen per¬ 
cent, at which point its water content will 
have been reduced from 20.9 percent to 
between 5 and 6 percent. To further reduce 
the water, the gypsum is reheated to about 
402 degrees Fahrenheit (204 degrees 
Celsius), at which point it is removed from 
the kettle. By now, almost all of the water 
has evaporated, leaving calcium sulfate. 

Sifting, cleaning, and shipping 
the chalk 

The particles of chalk or calcium sulfate 
are now conveyed to vibrating screens 
that sift out the finer material. The ensuing 
fine chalk is then washed, dried, packed in 
bags, and shipped to the manufacturer. Upon 
receiving chalk or calcium sulfate, the chalk 
factory usually grinds the materials again to 
render them smooth and uniformly fine. 


Making white classroom chalk 

6 To make white classroom chalk, the 
manufacturer adds water to form a thick 
slurry with the consistency of clay. The 
slurry is then placed into and extruded from a 
die—an orifice of the desired long, thin 
shape. Cut into lengths of approximately 
24.43 inches (62 centimeters), the sticks are 
next placed on a sheet that contains places 
for five such sticks. The sheet is then placed 
in an oven, where the chalk cures for four 
days at 188 degrees Fahrenheit (85 degrees 
Celsius). After it has cured, the sticks are cut 
into 80 millimeters lengths. 

Making colored classroom chalk 

7 Pigments (dry, natural, colored materi¬ 
als) are mixed in with the calcium car¬ 
bonate while both are dry (the procedure is 
similar to sifting flour and baking powder 
together before adding liquid, as in a cake 
recipe). Water is then added to the mixture, 
which is then baked in the same manner as 
white classroom chalk. 

Making pastels 

8 Another manufacturing method is used 
for pastels, the chalks used for art draw¬ 
ing. The procedure resembles that used for 
colored classroom chalk, but calcium sulfate 
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is used instead of calcium carbonate. In 
addition, the dry material is mixed with clay 
and oils, and more pigments are added to 
produce a slurry that has the consistency of 
toothpaste. Because the final products must 
be relatively moist, pastels are usually air- 
dried rather than baked. 

Boxing the chalk 

9 Placed in small boxes, the completed 
chalk sticks are stacked in large boxes to 
be shipped to supply stores. 

Quality Control 

Chalk that is intended for the classroom must 
undergo stringent tests in order to perform 
well and be labeled nontoxic. All incoming 
materials are tested for purity before being 
used. After the chalk has been made into 
sticks, one stick from each batch is selected 
for tests. The density and break strength of 
the sample stick are determined. The sample 
is then used to write with, and the quality of 
the mark is studied. Erasability is also stud¬ 
ied. First, the chalk mark is erased using a 
dry eraser, and the quality of erasure is exam¬ 
ined. Then, the chalkboard is washed, and 
again the amount of chalk left on the board is 
examined. Furthermore, a sample from each 
batch is kept for five years so that it can be 
inspected if in the future its quality is ques¬ 
tioned. 

Chalk for classroom use adheres to the 
American National Standards Institute per¬ 
formance standards. Written specifications 
state the proper length of the chalk stick, as 
well as how many sticks should go in a box. 
On November 18, 1990, a Federal Act 
(Public Law 100-695 ) went into effect, man¬ 
dating that all art materials sold in the United 
States must be evaluated by a qualified toxi¬ 
cologist who must then issue a label explain¬ 
ing their toxicity. Toxicologists are 
concerned not with cost but with safety, and 
they must consider many factors before 
granting approval. Each ingredient, the 
quantity in which it is used, and its possible 
adverse reactions with other ingredients are 
studied. The product’s size and packaging, 
its potential harm to humans, and its ten¬ 
dency to produce allergic reactions are also 
considered. Toxicologists also take into 
account the products use and potential mis¬ 
use, as well as all federal and state regula¬ 


tions. Formulas for every color and every 
formula change must meet approval. 

Classroom chalk is labeled “CP [certified 
product] nontoxic” if it meets the standards 
of the Art and Craft Materials Institute, a 
nonprofit manufacturers’ association. This 
label certifies that art materials for children 
are nontoxic and meet voluntary standards of 
quality and performance, and that the toxic¬ 
ity of art materials for adults has been cor¬ 
rectly labeled. The CP seal also indicates that 
the product meets standards of material, 
workmanship, working qualities, and color 
developed by the Art and Craft Materials 
Institute and others such as the American 
National Standards Institute and the 
American Society for Testing and Materials 
(ASTM). To ensure honesty, most chalk 
manufacturers are tested at random by an 
independent toxicologist, who checks to see 
that they are meeting nontoxic standards. 
Most manufacturers conform to such exact¬ 
ing standards because knowledgeable 
schools will not purchase chalk that is not 
properly labeled. 

The Future 

Many people consider using chalk and chalk¬ 
boards to present material outdated. Some 
experts claim that teachers have stubbornly 
resisted new technologies that could improve 
teaching—and eliminate the chalkboard 
entirely. A study which recently investigated 
whether teaching with overhead projectors 
was more effective than using chalkboards 
concluded that chalkboards were more inter¬ 
active, progressive, and fruitful. 

A development much in the educational news 
lately is the electronic chalkboard. In place of 
a regular chalkboard, a teacher uses a large 
TV screen, inputting materials from a com¬ 
puter terminal. In a more advanced scenario, 
each student uses a terminal, to which the 
teacher sends information from a master com¬ 
puter. Experts claim that such set-ups are 
more visually exciting to students, more ver¬ 
satile than the old-fashioned chalkboards, 
cleaner than dusty chalk, easier for the 
teacher to use, and better able to present more 
complex material through the use of graphics 
and animation. Many studies on the feasibil¬ 
ity of electronic chalkboards have been made, 
however, and most seem to favor keeping the 
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traditional chalkboard, at least for now. 
Electronic chalkboards that are sophisticated 
and easily readable lie beyond the budget 
constraints and technological capabilities of 
most schools. Further, studies of the elec¬ 
tronic system’s effectiveness report that 
teachers who use it spent more time preparing 
their lessons, teachers and students were less 
interactive, students were dissatisfied with 
the electronic chalkboards, and the new 
devices divided the students’ attention 
between the screen and the teacher conveying 
the information. Although the enthusiasm for 
electronic blackboards in some areas remains 
high, chalk use in the classroom is guaranteed 
for some time to come. 

Where To Learn More 

Books 

Boynton, Robert. Chemistry and Technology 
of Lime and Limestone. John Wiley & Sons, 
1980. 


Cobb, Vicki. The Secret Life of School 
Supplies. J. B. Lippincott, 1981. 

Institution of Civil Engineers Staff, eds. 
Chalk. American Society of Civil Engineers, 
1990. 

Periodicals 

Toth, Beth. “Jeanne Otis: A Color 
Dialogue,” Ceramics Monthly. January, 
1988, p. 40. 

— Rose Secrest 
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Background 

Cheese is a fermented food derived from the 
milk of various mammals. Since humans 
began to domesticate milk-producing ani¬ 
mals around 10,000 B.c., they have known 
about the propensity of milk to separate into 
curds and whey. As milk sours, it breaks 
down into curds, lumps of phosphoprotein, 
and whey, a watery, grey fluid that contains 
lactose, minerals, vitamins, and traces of fat. 
It is the curds that are used to make cheese, 
and practically every culture on Earth has 
developed its own methods, the only major 
exceptions being China and the ancient 
Americas. 

The first cheeses were “fresh,” that is, not 
fermented. They consisted solely of salted 
white curds drained of whey, similar to 
today’s cottage cheese. The next step was to 
develop ways of accelerating the natural sep¬ 
aration process. This was achieved by 
adding rennet to the milk. Rennet is an 
enzyme from the stomachs of young rumi¬ 
nants—a ruminant is an animal that chews its 
food very thoroughly and possesses a com¬ 
plex digestive system with three or four 
stomach chambers; in the United States, 
cows are the best known creatures of this 
kind. Rennet remains the most popular way 
of “starting” cheese, though other starting 
agents such as lactic acid and various plant 
extracts are also used. 

By a.d. 100 cheese makers in various coun¬ 
tries knew how to press, ripen, and cure fresh 
cheeses, thereby creating a product that 
could be stored for long periods. Each coun¬ 
try or region developed different types of 
cheese that reflected local ingredients and 
conditions. The number of cheeses thus 


developed is staggering. France, famous for 
the quality and variety of its cheeses, is home 
to about 400 commercially available cheeses. 

The next significant step to affect the manu¬ 
facture of cheese occurred in the 1860s, 
when Louis Pasteur introduced the process 
that bears his name. Pasteurization entails 
heating milk to partially sterilize it without 
altering its basic chemical structure. 
Because the process destroys dangerous 
micro-organisms, pasteurized milk is consid¬ 
ered more healthful, and most cheese is made 
from pasteurized milk today. 

The first and simplest way of extending the 
length cheese would keep without spoiling 
was simply ageing it. Aged cheese was pop¬ 
ular from the start because it kept well for 
domestic use. In the 1300s, the Dutch began 
to seal cheese intended for export in hard 
rinds to maintain its freshness, and, in the 
early 1800s, the Swiss became the first to 
process cheese. Frustrated by the speed with 
which their cheese went bad in the days 
before refrigeration, they developed a 
method of grinding old cheese, adding filler 
ingredients, and heating the mixture to pro¬ 
duce a sterile, uniform, long-lasting product. 
Another advantage of processing cheese was 
that it permitted the makers to recycle edible, 
second-grade cheeses in a palatable form. 

Prior to the twentieth century, most people 
considered cheese a specialty food, produced 
in individual households and eaten rarely. 
However, with the advent of mass produc¬ 
tion, both the supply of and the demand for 
cheese have increased. In 1955, 13 percent 
of milk was made into cheese. By 1984, this 
percentage had grown to 31 percent, and it 
continues to increase. Interestingly, though 


Based on its moisture and 
fat content, a cheese is 
labeled soft, semi-soft, 
hard, or very hard. It must 
then fall within the range 
of characteristics 
considered acceptable for 
cheeses in its category. 

For example, cheddar, a 
hard cheese, can contain 
no more than 39 percent 
water and no less than 50 
percent fat. 
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processed cheese is now widely available, it 
represents only one-third of the cheese being 
made today. Despite the fact that most 
cheeses are produced in large factories, a 
majority are still made using natural meth¬ 
ods. In fact, small, “farmhouse” cheese mak¬ 
ing has made a comeback in recent years. 
Many Americans now own their own small 
cheese-making businesses, and their prod¬ 
ucts have become quite popular, particularly 
among connoisseurs. 

Raw Materials 

Cheese is made from milk, and that milk 
comes from animals as diverse as cows, 
sheep, goats, horses, camels, water buffalo, 
and reindeer. Most cheese makers expedite 
the curdling process with rennet, lactic acid, 
or plant extracts, such as the vegetable rennet 
produced from wild artichokes, fig leaves, 
safflower, or melon. 

In addition to milk and curdling agents, 
cheeses may contain various ingredients 
added to enhance flavor and color. The great 
cheeses of the world may acquire their flavor 
from the specific bacterial molds with which 
they have been inoculated, an example being 
the famous Penicillium roqueforti used to 
make France’s Roquefort and England’s 
Stilton. Cheeses may also be salted or dyed, 
usually with annatto, an orange coloring made 
from the pulp of a tropical tree, or carrot juice. 
They may be washed in brine or covered with 
ashes. Cheese makers who wish to avoid ren¬ 
net may encourage the bacterial growth neces¬ 
sary to curdling by a number of odd methods. 
Some cheeses possess this bacteria because 
they are made from unpasteurized milk. 
Other cheeses, however, are reportedly made 
from milk in which dung or old leather have 
been dunked; still others acquire their bacteria 
from being buried in mud. 

The unusual texture and flavor of processed 
cheese are obtained by combining several 
types of natural cheese and adding salt, milk- 
fat, cream, whey, water, vegetable oil, and 
other fillers. Processed cheese will also have 
preservatives, emulsifiers, gums, gelatin, 
thickeners, and sweeteners as ingredients. 
Most processed cheese and some natural 
cheeses are flavored with such ingredients as 
paprika, pepper, chives, onions, cumin, car¬ 
away seeds, jalapeno peppers, hazelnuts, 


raisins, mushrooms, sage, and bacon. 
Cheese can also be smoked to preserve it and 
give it a distinctive flavor. 

The Manufacturing 
Process 

Although cheese making is a linear process, 
it involves many factors. Numerous varieties 
of cheese exist because ending the simple 
preparation process at different points can 
produce different cheeses, as can varying 
additives or procedures. Cheese making has 
long been considered a delicate process. 
Attempts to duplicate the success of an old 
cheese factory have been known to fail 
because conditions at a new factory do not 
favor the growth of the proper bacteria. 

Preparing the milk 

1 Small cheese factories accept either 
morning milk (which is richer), evening 
milk, or both. Because it is generally pur¬ 
chased from small dairies which don’t pas¬ 
teurize, this milk contains the bacteria 
necessary to produce lactic acid, one of the 
agents that triggers curdling. The cheese 
makers let the milk sit until enough lactic 
acid has formed to begin producing the par¬ 
ticular type of cheese they’re making. 
Depending on the type of cheese being pro¬ 
duced, the cheese makers may then heat the 
ripening milk. This process differs slightly at 
large cheese factories, which purchase pas¬ 
teurized milk and must consequently add a 
culture of bacteria to produce lactic acid. 

Separating the curds from the whey 

2 The next step is to add animal or veg¬ 
etable rennet to the milk, furthering its 
separation into curds and whey. Once 
formed, the curds are cut both vertically and 
horizontally with knives. In large factories, 
huge vats of curdled milk are cut vertically 
using sharp, multi-bladed, wire knives remi¬ 
niscent of oven racks. The same machine 
then agitates the curds and slices them hori¬ 
zontally. If the cutting is done manually, the 
curds are cut both ways using a large, two- 
handled knife. Soft cheeses are cut into big 
chunks, while hard cheeses are cut into tiny 
chunks. (For cheddar, for instance, the space 
between the knives is about one-twentieth of 
an inch [half a centimeter].) After cutting, 
the curds may be heated to hasten the separa- 
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tion from the whey, but they are more typi¬ 
cally left alone. When separation is com¬ 
plete, the whey is drained. 

Pressing the curds 

3 Moisture must then be removed from the 
curds, although the amount removed 
depends on the type of cheese. For some 
types with high moisture contents, the whey¬ 
draining process removes sufficient mois¬ 
ture. Other types require the curds to be cut, 
heated, and/or filtered to get rid of excess 
moisture. To make cheddar cheese, for 
example, cheese makers cheddar , or finely 
chop, the curd. To make hard, dry cheeses 
such as parmesan, cheese makers first ched¬ 
dar and then cook the curd. Regardless, if the 
curds are to be aged, they are then put into 
molds. Here, they are pressed to give the 


proper shape and size. Soft cheeses such as 
cottage cheese are not aged. 

Ageing the cheese 

At this stage the cheese may be inocu¬ 
lated with a flavoring mold, bathed in 
brine, or wrapped in cloth or hay before 
being deposited in a place of the proper tem¬ 
perature and humidity to age. Some cheeses 
are aged for a month, some for up to several 
years. Ageing sharpens the flavor of the 
cheese; for example, cheddar aged more than 
two years is appropriately labeled extra 
sharp. 

Wrapping natural cheese 

Some cheeses may develop a rind natu¬ 
rally, as their surfaces dry. Other rinds 




In a typical cheese-making opera¬ 
tion, the first step is preparing the 
milk. Although smaller factories 
purchase unpasteurized milk that 
already has the bacteria present to 
produce lactic acid (necessary for 
curdling), larger factories purchase 
pasteurized milk and must add bac¬ 
teria culture to produce the lactic 
acid. 

Next, the curds must be separated 
from the whey. Animal or vegetable 
rennet is added, and then the curds 
are agitated and cut using large 
knives. As the whey separates, it is 
drained. The curds are then pressed 
into molds, if necessary, to facilitate 
further moisture drainage, and 
aged for the proper amount of time. 
Some cheeses are aged for a 
month, others for several years. 
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may form from the growth of bacteria that 
has been sprayed on the surface of the 
cheese. Still other cheeses are washed, and 
this process encourages bacterial growth. In 
place of or in addition to rinds, cheeses can 
be sealed in cloth or wax. For local eating, 
this may be all the packaging that is neces¬ 
sary. However, large quantities of cheese are 
packaged for sale in distant countries. Such 
cheeses may be heavily salted for export 
(such as Roquefort) or sealed in impermeable 
plastic or foil. 

Making and wrapping processed 
cheese 

Edible yet inferior cheeses can be saved 
and made into processed cheese. 
Cheeses such as Emmental (commonly called 
Swiss), Gruyere (similar to Swiss),Colby, or 
cheddar are cut up and very finely ground. 
After this powder has been mixed with water 
to form a paste, other ingredients such as salt, 
fillers, emulsifiers, preservatives, and flavor¬ 
ings are added. The mixture is then heated 
under controlled conditions. While still 
warm and soft, the cheese paste is extruded 
into long ribbons that are sliced. The small 
sheets of cheese are then put onto a plastic or 
foil sheet and wrapped by a machine. 

Quality Control 

Cheese making has never been an easily reg¬ 
ulated, scientific process. Quality cheese has 
always been the sign of an experienced, per¬ 
haps even lucky cheese maker insistent upon 
producing flavorful cheese. Subscribing to 
analytical tests of cheese characteristics may 
yield a good cheese, but cheese making has 
traditionally been a chancy endeavor. 
Developing a single set of standards for 
cheese is difficult because each variety of 
cheese has its own range of characteristics. 
A cheese that strays from this range will be 
bad-tasting and inferior. For example, good 
soft blue cheese will have high moisture and 
a high pH; cheddar will have neither. 

One controversy in the cheese field centers on 
whether it is necessary to pasteurize the milk 
that goes into cheese. Pasteurization was pro¬ 
moted because of the persistence of 
Mycobacterium tuberculosis, a pathogen or 
disease-causing bacteria that occurs in milk 
products. The United States allows cheeses 
that will be aged for over sixty days to be 


made from unpasteurized milk; however, it 
requires that many cheeses be made from pas¬ 
teurized milk. Despite these regulations, it is 
possible to eat cheeses made from unpasteur¬ 
ized milk to no ill effect. In fact, cheese con¬ 
noisseurs insist that pasteurizing destroys the 
natural bacteria necessary for quality cheese 
manufacture. They claim that modem cheese 
factories are so clean and sanitary that pas¬ 
teurization is unnecessary. So far, the result 
of this controversy has merely been that con¬ 
noisseurs avoid pasteurized milk cheeses. 

Regulations exist so that the consumer can 
purchase authentic cheeses with ease. 
France, the preeminent maker of a variety of 
natural cheeses, began granting certain 
regions monopolies on the manufacture of 
certain cheeses. For example, a cheese 
labeled “Roquefort” is guaranteed to have 
been ripened in the Combalou caves, and 
such a guarantee has existed since 1411. 
Because cheese is made for human consump¬ 
tion, great care is taken to insure that the raw 
materials are of the highest quality, and 
cheese intended for export must meet partic¬ 
ularly stringent quality control standards. 

Because they possess such disparate charac¬ 
teristics, different types of cheese are 
required to meet different compositional 
standards. Based on its moisture and fat con¬ 
tent, a cheese is labeled soft, semi-soft, hard, 
or very hard. Having been assigned a cate¬ 
gory, it must then fall within the range of 
characteristics considered acceptable for 
cheeses in that category. For example, ched¬ 
dar, a hard cheese, can contain no more than 
39 percent water and no less than 50 percent 
fat. In addition to meeting compositional 
standards, cheese must also meet standards 
for flavor, aroma, body, texture, color, 
appearance, and finish. To test a batch of 
cheese, inspectors core a representative 
wheel vertically in several places, catching 
the center, the sides, and in between. The 
inspector then examines the cheese to detect 
any inconsistencies in texture, rubs it to 
determine body (or consistency), smells it, 
and tastes it. Cheese is usually assigned 
points for each of these characteristics, with 
flavor and texture weighing more than color 
and appearance. 

Processed cheese is also subject to legal 
restrictions and standards. Processed 
American cheese must contain at least 90 
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percent real cheese. Products labeled “cheese 
food” must be 51 percent cheese, and most 
are 65 percent. Products labeled “cheese 
spread” must also be 51 percent cheese, the 
difference being that such foods have more 
water and gums to make them spreadable. 
“Cheese product” usually refers to a diet 
cheese that has more water and less cheese 
than American cheese, cheese food, or 
cheese spread, but the specific amount of 
cheese is not regulated. Similarly, “imitation 
cheese” is not required to contain a minimum 
amount of cheese, and cheese is usually not 
its main ingredient. In general, quality 
processed cheese should resemble cheese 
and possess some cheesy flavor, preferably 
with a “bite” such as sharp Cheddar cheese 
has. The cheese should be smooth and 
evenly colored; it should also avoid rubberi- 
ness and melt in the mouth. 

Where To Learn More 

Books 

Brown, Bob. The Complete Book of Cheese. 
Gramercy Publishing, 1955. 


Carr, Sandy. The Simon and Schuster Pocket 
Guide to Cheese. Simon and Schuster, 1981. 

Kosikowski, Frank. Cheese and Fermented 
Milk Foods. Cornell University, 1966. 

Mills, Sonya. The World Guide to Cheese. 
Gallery Books, 1988. 

Timperley, Carol and Cecilia Norman. A 
Gourmet's Guide to Cheese. HP Books, 
1989. 

Periodicals 

“American Cheese and ‘Cheeses’,” Consumer 
Reports. November, 1990, pp. 728-732. 

Birmingham, David. “Gruyere’s Cheese- 
makers,” History Today. February, 1991, pp. 
21-26. 

Raichlen, Steven. “Farmhouse Cheeses,” 
Yankee. February, 1991, pp. 84-92. 

—Rose Sec rest 
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In 1906, the first attempt 
to make bubble gum failed 
when consumers found 
"Blibber Blubber" too wet 
and grainy. It wasn't until 
1928 that the Fleer 
company developed an 
acceptable bubble gum, 
marketed as "Dubble 
Bubble." The gum's 
familiar pink color was 
practically an accident: it 
was the color Fleer had 
most on hand. 


Background 

Chewing gum is a sweetened, flavored con¬ 
fection composed primarily of latex, both 
natural and artificial. Organic latex, a milky 
white fluid produced by a variety of seed 
plants, is best known as the principle compo¬ 
nent of rubber. Used as a snack, gum has no 
nutritive value, and, when people have fin¬ 
ished chewing, they generally throw it away 
rather than swallow it. 

Throughout history, people in many regions 
have selected naturally chewy and aromatic 
substances as breath fresheners or thirst 
quenchers. The Greeks used mastic tree 
resin; the Italians, frankincense; the West 
Indians, aromatic twigs; the Arabs, beeswax. 
Tree resins appear to have been the most 
popular, and spruce sap had been a favored 
chewing substance for centuries in North 
America before New England colonists 
adopted it for their own enjoyment. 
Although spruce gum was available to any¬ 
one willing to go out into the woods and 
extract it from a tree, John Curtis and his son, 
John Bacon Curtis, thought they could pack¬ 
age and market it. In the mid-1800s, they 
experimented with the first manufacture of 
chewing gum sticks. First they boiled the 
spruce gum and skimmed off impurities such 
as bark before adding sugar and other fillers. 
Then they rolled it, let it cool, and cut it into 
sticks which they dipped in cornstarch, 
wrapped in paper, and placed in small 
wooden boxes. The Curtis company thrived, 
and business grew still further when the 
younger Curtis developed a machine to mass 
produce gum and founded the first chewing 
gum factory. The Curtis’s manufacturing 
process is roughly the same one used to pro¬ 
duce chewing gum today. 


Despite the Curtis’s success, very few other 
spruce gum factories were established during 
the nineteenth century. However, in 1869 
William F. Semple took out the first patent on 
chewing gum. His formula was the earliest 
attempt to create latex-based gum, yet he 
never manufactured or marketed it. 
However, chewing gum as we know it today 
was first manufactured that year by Thomas 
Adams. Adams began mass-producing latex- 
based gum after meeting with the famous 
Mexican general Antonio Lopez de Santa 
Anna, who wanted Adams to help him intro¬ 
duce chicle, a rubbery tree sap from the 
Sapodilla trees of Mexico and Central 
America, as a cheap replacement for rubber. 
Adams could find no way of treating the chi¬ 
cle to render it useable, but he thought it 
would make an excellent chewing gum that 
could easily replace paraffin, the tasteless 
wax that dominated the chewing gum market 
at the time. To give his gum the proper size 
and consistency, Adams put the chicle in hot 
water until it was the consistency of putty. 
He then flavored it with sassafras and 
licorice, kneaded it, and shaped it into little 
balls. In 1871 Adams was the first to patent a 
gum-making machine. The machine kneaded 
the gum and ran it out in long, thin strips that 
could be cut off by druggists, who were the 
most common direct seller of chewing gum in 
the early days. Adams’ venture proved suc¬ 
cessful, and his American Chicle Company 
and its gum are still around today. 

The most successful chewing gum company 
ever is that established by William Wrigley, 
Jr., in 1892. Although the company, run by 
the founder’s son and grandson after his 
death in 1932, developed a wide array of fla¬ 
vored gums, it dropped many of these to con¬ 
centrate on its biggest sellers: “Juicy Fruit,” 
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“Doublemint,” and “Wrigley’s Spearmint.” 
Recently, the company introduced gum for 
denture wearers, sugar-free gum, cinnamon- 
flavored gum, and non-stick bubble gum. 
Like earlier Wrigley products, all have 
proven popular. The secrets behind the suc¬ 
cess of Wrigley gums—the company has 
never made anything else—are strong flavor 
and prominent advertising. As William 
Wrigley, Jr., said early in the century, “Tell 
’em quick and tell ’em often.” 

Today bubble gum is probably more popular 
than chewing gum, at least among young peo¬ 
ple. In 1906, however, the first attempt to 
make bubble gum failed when consumers 
found “Blibber Blubber” too wet and grainy. 
It wasn’t until 1928 that Walter Diemer, a 
young employee of the Fleer company, devel¬ 
oped an acceptable bubble gum, marketed as 
“Dubble Bubble.” (The gum’s familiar pink 
color was practically an accident: it was the 
color Fleer had most on hand.) During the 
1930s and 1940s, the invention of synthetic 
rubbers assisted chewing gum manufacturers 
greatly, because they no longer had to rely on 
irregular supplies of imported natural rubber. 

Although basic chewing gum has stayed 
about the same for over a century, several 
different types have recently become avail¬ 
able. For instance, sugarless gum debuted in 
the 1970s, along with nicotine gum, liquid 
center gum, athlete’s gum, chewing gum that 
doesn’t stick to dental work, and bubble gum 
that doesn’t stick to the face. More recently, 
some manufacturers have tried adding abra¬ 
sives to chewing gum, marketing it as good 
for the teeth. 

Raw Materials 

The manufacture of chewing gum in the 
United States has come a long way from log¬ 
gers chopping off wads of spruce gum for 
chewing pleasure, yet the base of the gum 
remains the sap of various rubber trees, or, in 
most cases, a synthetic substitute for such 
sap. Natural gum bases include latexes like 
chicle, jelutong, gutta-percha, and pine rosin. 
Increasingly, natural resins other than chicle 
have been used because chicle is in extremely 
short supply: a chicle tree yields only 35 
ounces (one kilogram) of chicle every three to 
four years, and no chicle plantations were 
ever established. However, natural latex in 
general is being replaced by synthetic substi¬ 


tutes. Most modem chewing gum bases use 
either no natural rubber at all, or a minimal 
amount ranging from ten to twenty percent, 
with synthetic rubbers such as butadiene- 
styrene rubber, polyethylene, and polyvinyl 
acetate making up the rest. 

After the latex used to form bases, the most 
common ingredient in chewing gum is some 
type of sweetener. A typical stick contains 79 
percent sugar or artificial sweetener. Natural 
sugars include cane sugar, com syrup, or dex¬ 
trose, and artificial sweeteners can be saccha¬ 
rine or aspartame. Popular mint flavors such 
as spearmint and peppermint are usually pro¬ 
vided by oils extracted from only the best, 
most aromatic plants. Thus, while the aroma 
of a stick of spearmint gum is quite strong, 
flavoring comprises only one percent of the 
gum’s total weight. Fmit flavors generally 
derive from artificial flavorings, because the 
amount of fruit grown cannot meet the 
demand. For example, apple flavor comes 
from ethyl acetate, and cherry from benzalde- 
hyde. In addition to sweeteners and flavor¬ 
ings, preservatives such as butylated 
hydroxytoluene and softeners like refined 
vegetable oil are added to keep the gum fresh, 
soft, and moist. Fillers such as calcium car¬ 
bonate and com starch are also common. 

Federal regulations allow a typical list of 
ingredients on a pack of chewing gum to read 
like this: gum base, sugar, com syrup, natural 
and/or artificial flavor, softeners, and BHT 
(added to preserve freshness). This vague¬ 
ness is mainly due to the chewing gum man¬ 
ufacturers’ insistence that all materials used 
are part of a trade secret formula. 

The Manufacturing 
Process 

While the specific ingredients in gum might 
be a secret, the process for making gum is 
not. The first chewing gum making machine 
wasn’t even patented, and today the proce¬ 
dure is considered standard throughout the 
industry. 

Preparing the chicle 

I lf natural latex is to be used, it must first 
be harvested and processed. The tall 32.79 
yard (30-meter) chicle tree is scored with a 
series of shallow Xs, enabling the chicle to 
flow down into a bucket. After a significant 
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Chewing gum base consists either 
of natural latex or a synthetic substi¬ 
tute. Natural latex such as chicle is 
harvested by making large X-marks 
on rubber trees and then collecting 
the substance as it runs down the 
tree. After grinding the base to form 
a coarse meal, the mixture is dryed 
for a day or two. 

Next, the mixture is heated in large 
kettles while the other ingredients 
are added. Large machines then 
pummel, or "knead," the mass until 
it is properly smooth and rubbery, 
and it is put on a rolling slab and 
reduced to the proper thickness. 


amount of chicle has accumulated, it is 
strained and placed in large kettles. Stirred 
constantly, it is boiled until it reduces to two- 
thirds of its original volume. It is then poured 
into greased wooden molds and shipped. 

Grinding, mixing, and drying the 
latex 

2 The natural and/or artificial gum bases 
are first ground into a coarse meal and 
mixed to ensure uniform consistency. The 
blend is then placed in a warm room to dry 
for a day or two. During drying, hot air con¬ 
tinually passes over the mixture. 

Cooking and purifying the base 

3 Next, the gum base is cooked in kettles at 
243 degrees Fahrenheit (116 degrees 


Celsius) until it has melted into a thick syrup. 
To purify it, workers pass it through screens 
and place it in a high speed centrifuge before 
refiltering it, this time through finer screens. 

Blending additional ingredients 

4 The gum base is now ready for additives. 

It is placed in kettles to be cooked, and 
additional ingredients are stirred in by large 
steel blades. First, extremely fine powdered 
sugar and com syrup are added. Flavorings 
are added next, followed by softeners. When 
the mixture is smooth enough, it is rolled out 
onto belts and cooled by being exposed to 
cold air. 

Kneading and rolling the gum 

The next step is kneading. For several 
hours machines gently pummel the mass 
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Chewing Gum 



After being dusted with powdered 
sugar, tbe gum is scored into a pat¬ 
tern of rectangles, seasoned, and 
broken into sticks. The gum is now 
ready to be packaged and shipped 
to retail outlets. 


of chewing gum until it is properly rubbery 
and smooth. Large chunks are then chopped 
off the mass, to be flattened by rollers until 
they reach the proper thickness of nearly .17 
inches (about .43 cm). During this process, 
the sheet of chewing gum is dusted with 
powdered sugar to prepare it for cutting. 

Cutting and seasoning the gum 

6 A cutting machine first scores the sheet 
in a pattern of rectangles, each 1.3 inches 
(3.3 centimeters) long and .449 of an inch 
(1.14 centimeters) wide. The sheet is then 
put aside at the proper temperature and 
humidity to “season.” 

Packaging the gum 

7 Once seasoned, the gum sheets are bro¬ 
ken into sticks, wrapped in aluminum 
foil or wax paper, wrapped in paper, and put 
into plastic packs that are then sealed. Put 
into boxes or plastic bags, the gum is ready to 
be shipped to retail outlets. 

Other types of gum 

8 Amazingly, gum balls make up only 
three percent of chewing gum sales, yet 
their unique merchandising makes them 
intriguing. Gumballs are made by scoring a 
cylinder of gum twice to form balls, which 
are then stored several hours at 55-60 
degrees Fahrenheit (13-16 degrees Celsius) 
to harden. The balls are put into huge kettles 
to be coated with a flavored and colored 
sucrose solution. After seven hours, the 
coated balls are dried with hot air, then rolled 
in beeswax or other wax to make them shiny. 


The nature of gumball machines determined 
the next step. An enclosed plastic globe is 
subject to interior condensation. The water 
collected ruins untreated gumballs, so they 
are usually coated with a plastic, water-repel¬ 
lent glaze to protect them. Candy-coated 
gums are made in essentially the same way, 
their final destination being boxes, not gum- 
ball machines. 

A recent development has been the introduc¬ 
tion of gums with a liquid center. To make 
this gum, the gum base is extruded to form a 
hollow rope. The liquid is then fed into the 
hollow area, and a cutting machine chops the 
ropes into bite-size pieces and wraps them. 

Quality Control 

Perhaps because chewing gum has always 
had a bad reputation as an unsanitary and 
crass junk food, but more likely because it is 
intended for human consumption, chewing 
gum factories have for decades been known 
for immaculate conditions. 

Standards for raw materials are equally high. 
If natural rubber such as chicle is used, it 
must pass several tests for cleanliness and 
texture. Before shipment, chicle is inspected 
for rocks, dirt, and other obvious impurities. 
If it is too milky, dry, or dirty, it is rejected. 
Chewing gum is manufactured completely 
untouched by human hands, its entire pro¬ 
duction process taking place in clean, air- 
conditioned facilities. Each ingredient is 
tested for purity before being used, and only 
the highest quality ingredients are accepted. 
Every large company has a research labora- 
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tory on its premises, thereby simplifying the 
standard procedure of inspecting and testing 
ingredients at every stage of the manufactur¬ 
ing process. The research and development 
department is also responsible for investigat¬ 
ing new ways to produce and package gum, 
and for developing new products. 

A successful piece of gum must be chewy 
and fresh, and bubble gum in particular must 
be both resilient and soft. With all types of 
gum, freshness and texture depend upon 
moistness. Gum must also contain the right 
amount of flavor oil. While too much sol¬ 
vent will make a gum sticky and hard to cut, 
it must contain enough flavor to mask the 
taste of the gum base and to last for a reason¬ 
ably long time. For these reasons, the flavor 
oils used in gum are highly concentrated. A 
long shelf-life is also desirable, and every 
pack of gum is dated. After that date, the 
manufacturer asks that the gum be disposed 
of. To ensure that merchants do this, one 
manufacturer will replace unsold, out-of-date 
gum for free. 

The Future 

Much current research is directed towards 
producing longer-lasting gum. At present, 
the flavor of a typical chewing gum lasts five 
minutes. The most promising idea for long- 
lasting gum entails coating each stick with a 
polymer film that releases flavor molecules 
slowly; studies suggest that the flavor of such 
gum can last more than ten hours. Another 
recent innovation is a chewing gum imbued 
with a patented compound that helps to 


repair tooth enamel. The compound, amor¬ 
phous calcium phosphate, crystallizes when 
chewed, triggering the natural remineraliza¬ 
tion process by which the body rebuilds dam¬ 
aged teeth. Under ideal circumstances, the 
body generates enough amorphous calcium 
phosphate to repair teeth organically, but 
many people eat more sugar than their bodies 
can fight. This experimental gum would 
help to protect these people against tooth 
decay. Researchers hope to have the 
enhanced gum in stores by 1996. 

Where To Learn More 

Books 

Hendrickson, Robert. The Great American 
Chewing Gum Book. Chilton Book 
Company, 1976. 

Lasky, Michael S. The Complete Junk Food 
Book. McGraw-Hill, 1977. 

Periodicals 

Hendrickson, Robert. “Since 1928 It’s Been 
Boom and Bust with Bubble Gum,” 
Smithsonian, July, 1990, pp. 74-83. 

Plaut, Josh. “Pop Secret,” Science World, 
September, 1992, pp. 16-21. 

Raulston, J. C. “Sweet Gum,” The Magazine 
of American Gardening. February, 1989, p. 
80. 

—Rose Secrest 
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Background 

Chocolate, in all of its varied forms (candy 
bars, cocoa, cakes, cookies, coating for other 
candies and fruits) is probably America’s 
favorite confection. With an annual per 
capita consumption of around 14 pounds (6 
kilograms) per person, chocolate is as ubiq¬ 
uitous as a non-essential food can be. 

Cocoa trees originated in South America’s 
river valleys, and, by the seventh century 
a.d., the Mayan Indians had brought them 
north into Mexico. In addition to the Mayans, 
many other Central American Indians, 
including the Aztecs and the Toltecs, seem to 
have cultivated cocoa trees, and the words 
“chocolate” and “cocoa” both derive from the 
Aztec language. When Cortez, Pizarro, and 
other Spanish explorers arrived in Central 
America in the fifteenth century, they noted 
that cocoa beans were used as currency and 
that the upper class of the native populations 
drank cacahuatl, a frothy beverage consisting 
of roasted cocoa beans blended with red pep¬ 
per, vanilla, and water. 

While the Spanish initially found the bitter 
flavor of unsweetened cacahuatl unpalatable, 
they gradually introduced modifications that 
rendered the drink more appealing to the 
European palate. Grinding sugar, cinnamon, 
cloves, anise, almonds, hazelnuts, vanilla, 
orange-flower water, and musk with dried 
cocoa beans, they heated the mixture to cre¬ 
ate a paste (as with many popular recipes 
today, variations were common). They then 
smoothed this paste on the broad, flat leaves 
of the plantain tree, let it harden, and 
removed the resulting slabs of chocolate. To 
make chocalatl, the direct ancestor of our hot 
chocolate, they dissolved these tablets in hot 
water and a thin com broth. They then stirred 


the liquid until it frothed, perhaps to distrib¬ 
ute the fats from the chocolate paste evenly 
(cocoa beans comprise more than fifty per¬ 
cent cocoa butter by weight). By the mid¬ 
seventeenth century, an English missionary 
reported that only members of Mexico’s 
lower classes still drank cacahuatl in its orig¬ 
inal form. 

When missionaries and explorers returned to 
Spain with the drink, they encountered resis¬ 
tance from the powerful Catholic Church, 
which argued that the beverage, contami¬ 
nated by its heathen origins, was bound to 
corrupt Christians who drank it. But the 
praise of returning conquistadors—Cortez 
himself designated chocalatl as “the divine 
drink that builds up resistance and fights 
fatigue”—overshadowed the church’s dour 
prophecies, and hot chocolate became an 
immediate success in Spain. Near the end of 
the sixteenth century, the country built the 
first chocolate factories, in which cocoa 
beans were ground into a paste that could 
later be mixed with water. Within seventy 
years the drink was prized throughout 
Europe, its spread furthered by a radical drop 
in the price of sugar between 1640 and 1680 
(the increased availability of the sweetener 
enhanced the popularity of coffee as well). 

Chocolate consumption soon extended to 
England, where the drink was served in 
“chocolate houses,” upscale versions of the 
coffee houses that had sprang up in London 
during the 1600s. In the mid-seventeenth 
century, milk chocolate was invented by an 
Englishman, Sir Hans Sloane, who had lived 
on the island of Jamaica for many years, 
observing the Jamaicans’ extensive use of 
chocolate. A naturalist and personal physi¬ 
cian to Queen Anne, Sloane had previously 


When missionaries and 
explorers returned to 
Spain from Latin America 
with chocalatl—the direct 
ancestor of our hot 
chocolate—they 
encountered resistance 
from the powerful Catholic 
Church, which argued that 
the beverage, 
contaminated by its 
heathen origins, was 
bound to corrupt 
Christians who drank it. 


1 2 9 



How Products Are Made, Volume 1 


considered the cocoa bean’s high fat content 
a problem, but, after observing how young 
Jamaicans seemed to thrive on both cocoa 
products and milk, he began to advocate dis¬ 
solving chocolate tablets in milk rather than 
water. 

The first Europeans to drink chocolate, the 
Spaniards were also the first to consume it in 
solid form. Although several naturalists and 
physicians who had traveled extensively in 
the Americas had noted that some Indians ate 
solid chocolate lozenges, many Europeans 
believed that consuming chocolate in this 
form would create internal obstructions. As 
this conviction gradually diminished, cook¬ 
books began to include recipes for chocolate 
candy. However, a typical eighteenth-cen¬ 
tury hard chocolate differed substantially 
from modem chocolate confections. Back 
then, chocolate candy consisted solely of 
chocolate paste and sugar held together with 
plant gums. In addition to being unappealing 
on its own, the coarse, crumbly texture of 
this product reduced its ability to hold sugar. 
Primitive hard chocolate, not surprisingly, 
was nowhere near as popular as today’s 
improved varieties. 

These textural problems were solved in 
1828, when a Dutch chocolate maker named 
Conrad van Houten invented a screw press 
that could be used to squeeze most of the but¬ 
ter out of cocoa beans. Van Houten’s press 
contributed to the refinement of chocolate by 
permitting the separation of cocoa beans into 
cocoa powder and cocoa butter. Dissolved in 
hot liquid, the powder created a beverage far 
more palatable than previous chocolate 
drinks, which were much like blocks of 
unsweetened baker’s chocolate melted in 
fluid. Blended with regular ground cocoa 
beans, the cocoa butter made chocolate paste 
smoother and easier to blend with sugar. 
Less than twenty years later, an English com¬ 
pany introduced the first commercially pre¬ 
pared hard chocolate. In 1876 a Swiss candy 
maker named Daniel Peter further refined 
chocolate production, using the dried milk 
recently invented by the Nestle company to 
make solid milk chocolate. In 1913 Jules 
Sechaud, a countryman of Peter’s, developed 
a technique for making chocolate shells filled 
with other confections. Well before the first 
World War, chocolate had become one of the 
most popular confections, though it was still 
quite expensive. 


Hershey Foods, one of a number of American 
chocolate-making companies founded during 
the nineteenth and early twentieth centuries, 
made chocolate more affordable and avail¬ 
able. Today the most famous—although not 
the largest—chocolate producer in the United 
States, the company was founded by Milton 
Hershey, who invested the fortune he’d 
amassed making caramels in a Pennsylvania 
chocolate factory. Hershey had first become 
fascinated by chocolate at the 1893 Chicago 
World’s Columbian Exposition, where one of 
leading attractions was a 2,200-pound (998.8 
kilograms), ten-foot (3.05 meters) tall choco¬ 
late statue of Germania, the symbol of the 
Stollwerck chocolate company in Germany 
(Germania was housed in a 38-foot [11.58 
meters] Renaissance temple, also constructed 
entirely of chocolate). When he turned to 
chocolate making, Hershey decided to use the 
same fresh milk that had made his caramels 
so flavorful. He also dedicated himself to uti¬ 
lizing mass production techniques that would 
enable him to sell large quantities of choco¬ 
late, individually wrapped and affordably 
priced. For decades after Hershey began man¬ 
ufacturing them in 1904, Hershey bars cost 
only a nickel. 

Another company, M&M/Mars, has branched 
out to produce dozens of non-chocolate prod¬ 
ucts, thus making the company four times as 
large as Hershey Foods, despite the fact that 
the latter firm remains synonymous with 
chocolate in the eyes of many American con¬ 
sumers. Yet since its founding in 1922, 
M&M/Mars has produced many of the coun¬ 
try’s most enduringly popular chocolate con¬ 
fections. M&M/Mars’ success began with 
the Milky Way bar, which was cheaper to pro¬ 
duce than pure chocolate because its malt fla¬ 
vor derived from nougat, a mixture of egg 
whites and corn syrup. The Snickers and 
Three Musketeers bars, both of which also 
featured cost-cutting nougat centers, soon fol¬ 
lowed, and during the 1930s soldiers fighting 
in the Spanish Civil War suggested the 
M&M. To prevent the chocolate candy they 
carried in their pockets from melting, these 
soldiers had protected it with a sugary coating 
that the Mars company adapted to create its 
most popular product. 

Raw Materials 

Although other ingredients are added, most 
notably sugar or other sweeteners, flavoring 
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agents, and sometimes potassium carbonate 
(the agent used to make so-called dutch 
cocoa), cocoa beans are the primary compo¬ 
nent of chocolate. 

Cocoa trees are evergreens that do best 
within 20 degrees of the equator, at altitudes 
of between 100 (30.48 centimeters) and 
1,000 (304.8 centimeters) feet above sea 
level. Native to South and Central America, 
the trees are currently grown on commercial 
plantations in such places as Malaysia, 
Brazil, Ecuador, and West Africa. West 
Africa currently produces nearly three quar¬ 
ters of the world’s 75,000 ton annual cocoa 
bean crop, while Brazil is the largest pro¬ 
ducer in the Western Hemisphere. 

Because they are relatively delicate, the trees 
can be harmed by full sun, fungi, and insect 
pests. To minimize such damage, they are 
usually planted with other trees such as rub¬ 
ber or banana. The other crops afford protec¬ 
tion from the sun and provide plantation 
owners with an alternative income if the 
cocoa trees fail. 

The pods, the fruit of the cocoa tree, are 6-10 
inches (15.24-25.4 centimeters) long and 3-4 
inches (7.62-10.16 centimeters) in diameter. 
Most trees bear only about 30 to 40 pods, 
each of which contains between 20 and 40 
inch-long (2.54 centimeters) beans in a 
gummy liquid. The pods ripen in three to 
four months, and, because of the even cli¬ 
mate in which the trees grow, they ripen con¬ 
tinually throughout the year. However, the 
greatest number of pods are harvested 
between May and December. 

Of the 30 to 40 pods on a typical cacao tree, 
no more than half will be mature at any given 
time. Only the mature fruits can be har¬ 
vested, as only they will produce top quality 
ingredients. After being cut from the trees 
with machetes or knives mounted on poles 
(the trees are too delicate to be climbed), 
mature pods are opened on the plantation 
with a large knife or machete. The beans 
inside are then manually removed. 

Still entwined with pulp from the pods, the 
seeds are piled on the ground, where they are 
allowed to heat beneath the sun for several 
days (some plantations also dry the beans 
mechanically, if necessary). Enzymes from 
the pulp combine with wild, airborne yeasts 


to cause a small amount of fermentation that 
will make the final product even more appe¬ 
tizing. During the fermenting process, the 
beans reach a temperature of about 125 
degrees Fahrenheit (51 degrees Celsius). This 
kills the embryos, preventing the beans from 
sprouting while in transit; it also stimulates 
decomposition of the beans’ cell walls. Once 
the beans have sufficiently fermented, they 
will be stripped of the remaining pulp and 
dried. Next, they are graded and bagged in 
sacks weighing from 130 to 200 pounds 
(59.02-90.8 kilograms). They will then be 
stored until they are inspected, after which 
they will be shipped to an auction to be sold to 
chocolate makers. 

The Manufacturing 
Process 

Roasting, hulling, and crushing the 
beans 

I Once a company has received a shipment 
of cocoa beans at its processing plant, the 
beans are roasted, first on screens and then in 
revolving cylinders through which heated air 
is blown. Over a period of 30 minutes to 2 
hours, the moisture in the beans is reduced 
from about seven percent to about one per¬ 
cent. The roasting process triggers a brown¬ 
ing reaction, in which more than 300 
different chemicals present in the cocoa 
beans interact. The beans now begin to 
develop the rich flavor we associate with 
chocolate. 

2 Roasting also causes the shells to open 
and break away from the nibs (the meat 
of the bean). This separation process can be 
completed by blowing air across the beans as 
they go through a giant winnowing machine 
called a cracker and fanner, which loosens 
the hulls from the beans without crushing 
them. The hulls, now separated from the 
nibs, are usually sold as either mulch or fer¬ 
tilizer. They are also sometimes used as a 
commercial boiler fuel. 

3 Next, the roasted nibs undergo broyage, 
a process of crushing that takes place in a 
grinder made of revolving granite blocks.The 
design of the grinder may vary, but most 
resemble old-fashioned flour mills. The final 
product of this grinding process, made up of 
small particles of the nib suspended in oil, is 
a thick syrup known as chocolate liquor. 
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In chocolate manufacture, the cocoa 
beans are first roasted, during which 
the bean shells break away from 
their center (the nibs). Next, the nibs 
undergo broyage, a crushing 
process that takes place in a grinder 
with revolving granite blocks. The 
following step, refining, further 
grinds the particles and makes the 
chocolate mass smoother. 

The mass is then conched, or 
ground and agitated in a huge 
open vats. During this process, 
which can take from 3 hours to 3 
days, other ingredients such as 
sugar and vanilla can be added. 
The mass is then poured into molds 
of the desired shape, cooled, cut, 
and wrapped. 


The next step is refining, during which 
the liquor is further ground between sets 
of revolving metal drums. Each successive 
rolling is faster than the preceding one 
because the liquor is becoming smoother and 
flows easier. The ultimate goal is to reduce 
the size of the particles in the liquor to about 
.001 inch (.00254 centimeters). 

Making cocoa powder 

If the chocolate being produced is to be 
cocoa powder, from which hot chocolate 
and baking mixes are made, the chocolate 
liquor may be dutched, a process so-named 
because it was invented by the Dutch choco¬ 
late maker Conrad van Houten. In the dutch- 
ing process, the liquor is treated with an 
alkaline solution, usually potassium carbon¬ 


ate, that raises its pH from 5.5 to 7 or 8. This 
increase darkens the color of the cocoa, ren¬ 
ders its flavor more mild, and reduces the 
tendency of the nib particles to form clumps 
in the liquor. The powder that eventually 
ensues is called dutch cocoa. 

6 The next step in making cocoa powder is 
defatting the chocolate liquor, or remov¬ 
ing large amounts of butter from it. This is 
done by further compressing the liquor 
between rollers, until about half of the fat 
from its cocoa beans has been released. The 
resulting solid material, commonly called 
press cake, is then broken, chopped, or 
crushed before being sifted to produce cocoa 
powder. When additives such as sugar or 
other sweeteners have been blended, this 
cocoa powder becomes a modem version of 
chocalatl. 
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Making chocolate candy 

7 If the chocolate being produced is to 
become candy, the press cake is remixed 
with some of the removed cocoa butter. The 
restored cocoa butter is necessary for texture 
and consistency, and different types of 
chocolate require different amounts of cocoa 
butter. 

8 The mixture now undergoes a process 
known as couching, in which it is contin¬ 
uously turned and ground in a huge open vat. 
The process’s name derives from older vats, 
which resembled large conch shells. The 
conching process can last from between three 
hours to three days (more time is not neces¬ 
sarily better, however). This is the most 
important step in making chocolate. The 
speed and temperature of the mixing are crit¬ 
ical in determining the quality of the final 
product. 

9 Another crucial aspect of conching is the 
time and rate at which other ingredients 
are added. The ingredients added during 
conching determine what type of chocolate is 
produced: sweet chocolate consists of 
chocolate liquor, cocoa butter, sugar, and 
vanilla; milk chocolate contains sweet 
chocolate with powdered whole milk or 
whole liquid milk. 

At the end of the conching process, 
the chocolate is poured into molds, 
cooled, cut, and wrapped. 

Quality Control 

Proportions of ingredients and even some 
aspects of processing are carefully guarded 
secrets, although certain guidelines were set 
by the 1944 Federal Food, Drug, and 
Cosmetic Law, as well as more recent laws 
and regulations. For example, milk chocolate 
must contain a minimum of 12 percent milk 
solids and 10 percent chocolate liquor. Sweet 
chocolate, which contains no milk solids, 
must contain at least fifteen percent chocolate 
liquor. The major companies, however, have 
a reputation for enforcing strict quality and 
cleanliness standards. Milton Hershey zeal¬ 
ously insisted upon fresh ingredients, and the 
Mars company boasts that its factory floors 
harbor fewer bacteria than the average 
kitchen sink. Moreover, slight imperfections 


are often enough to prompt the rejection of 
entire batches of candy. 

The Future 

Although concerns about the high fat and 
caloric content of chocolate have reduced per 
capita consumption in the United States from 
over twenty pounds (9.08 kilograms) per 
year to around fourteen (6.36 kilograms), 
chocolate remains the most popular type of 
confection. In addition, several psychiatrists 
have recently speculated that, because the 
substance contains phenylethylamine, a nat¬ 
ural stimulant, depressed people may resort 
to chocolate binges in an unknowing attempt 
to raise their spirits and adjust their body 
chemistry. Others have speculated that the 
substance exerts an amorous effect. Despite 
reduced levels of consumption and regard¬ 
less of whether or not one endorses the vari¬ 
ous theories about its effects, chocolate 
seems guaranteed to remain what it has been 
throughout the twentieth century: a perennial 
American favorite. 

Where To Learn More 

Books 

Chocolate Manufacturers’ Association of the 
U.S.A. The Story of Chocolate. 

Hirsch, Sylvia Balser and Morton Gill Clark. 
A Salute to Chocolate. Hawthorn Books, 
1968. 

O’Neill, Catherine. Let’s Visit a Chocolate 
Factory. Troll Associates, 1988. 

Periodicals 

Cavendish, Richard. “The Sweet Smell of 
Success,” History Today. July, 1990, pp. 2-3. 

“From Xocoatl to Chocolate Bars,” Con¬ 
sumer Reports. November, 1986, pp. 696- 
701. 

Galvin, Ruth Mehrtens. “Sybaritic to Some, 
Sinful to Others, but How Sweet it Is!” 
Smithsonian. February, 1986, pp. 54-64. 

Marshall, Lydia and Ethel Weinberg. “A 
Fine Romance,” Cosmopolitan. February, 
1989, pp. 52-4. 

— Lawrence H. Berlow 
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One 1844 cookbook 
instructed people to use a 
much higher coffee/water 
ratio than we favor today; 
boil the brew for almost a 
half an hour; and add fish 
skin or egg shells to 
reduce the acidity. Coffee 
yielded from this recipe 
would strike modern coffee 
lovers as intolerably strong 
and acidic; moreover, it 
would have little aroma. 


Background 

Coffee is a beverage made by grinding 
roasted coffee beans and allowing hot water 
to flow through them. Dark, flavorful, and 
aromatic, the resulting liquid is usually 
served hot, when its full flavor can best be 
appreciated. Coffee is served internation¬ 
ally—with over one third of the world’s pop¬ 
ulation consuming it in some form, it ranks 
as the most popular processed beverage— 
and each country has developed its own pref¬ 
erences about how to prepare and present it. 
For example, coffee drinkers in Indonesia 
drink hot coffee from glasses, while Middle 
Easterners and some Africans serve their cof¬ 
fee in dainty brass cups. The Italians are 
known for their espresso, a thick brew served 
in tiny cups and made by dripping hot water 
over twice the normal quantity of ground 
coffee, and the French have contributed cafe 
au lait, a combination of coffee and milk or 
cream which they consume from bowls at 
breakfast. 

A driving force behind coffee’s global popu¬ 
larity is its caffeine content: a six-ounce 
(2.72 kilograms) cup of coffee contains 100 
milligrams of caffeine, more than compara¬ 
ble amounts of tea (50 milligrams), cola (25 
milligrams), or cocoa (15 milligrams). 
Caffeine, an alkaloid that occurs naturally in 
coffee, is a mild stimulant that produces a 
variety of physical effects. Because caffeine 
stimulates the cortex of the brain, people 
who ingest it experience enhanced concen¬ 
tration. Athletes are sometimes advised to 
drink coffee prior to competing, as caffeine 
renders skeletal muscles less susceptible to 
exhaustion and improves coordination. 
However, these benefits accrue only to those 
who consume small doses of the drug. 


Excessive amounts of caffeine produce a 
host of undesirable consequences, acting as a 
diuretic, stimulating gastric secretions, 
upsetting the stomach, contracting blood ves¬ 
sels in the brain (people who suffer from 
headaches are advised to cut their caffeine 
intake), and causing overacute sensation, 
irregular heartbeat, and trembling. On a 
more serious level, many researchers have 
sought to link caffeine to heart disease, 
benign breast cysts, pancreatic cancer, and 
birth defects. While such studies have 
proven inconclusive, health official nonethe¬ 
less recommend that people limit their coffee 
intake to fewer than four cups daily or drink 
decaffeinated varieties. 

Coffee originated on the plateaus of central 
Ethiopia. By a.d. 1000, Ethiopian Arabs 
were collecting the fruit of the tree, which 
grew wild, and preparing a beverage from its 
beans. During the fifteenth century traders 
transplanted wild coffee trees from Africa to 
southern Arabia. The eastern Arabs, the first 
to cultivate coffee, soon adopted the 
Ethiopian Arabs’ practice of making a hot 
beverage from its ground, roasted beans. 

The Arabs’ fondness for the drink spread 
rapidly along trade routes, and Venetians had 
been introduced to coffee by 1600. In 
Europe as in Arabia, church and state offi¬ 
cials frequently proscribed the new drink, 
identifying it with the often-liberal discus¬ 
sions conducted by coffee house habitues, 
but the institutions nonetheless proliferated, 
nowhere more so than in seventeenth-century 
London. The first coffee house opened there 
in 1652, and a large number of such estab¬ 
lishments (cafes) opened soon after on both 
the European continent (cafe derives from 
the French term for coffee) and in North 
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America, where they appeared in such 
Eastern cities as New York, Boston, and 
Philadelphia in the last decade of the seven¬ 
teenth century. 

In the United States, coffee achieved the 
same, almost instantaneous popularity that it 
had won in Europe. However, the brew 
favored by early American coffee drinkers 
tasted significantly different from that 
enjoyed by today’s connoisseurs, as nine¬ 
teenth-century cookbooks make clear. One 
1844 cookbook instructed people to use a 
much higher coffee/water ratio than we favor 
today (one tablespoon per sixteen ounces); 
boil the brew for almost a half an hour (today 
people are instructed never to boil coffee); 
and add fish skin, isinglass (a gelatin made 
from the air bladders of fish), or egg shells to 
reduce the acidity brought out by boiling the 
beans so long (today we would discard 
overly acidic coffee). Coffee yielded from 
this recipe would strike modem coffee lovers 
as intolerably strong and acidic; moreover, it 
would have little aroma. 

American attempts to create instant coffee 
began during the mid-1800s, when one of the 
earliest instant coffees was offered in cake 
form to Civil War troops. Although it and 
other early instant coffees tasted even worse 
than regular coffee of the epoch, the incen¬ 
tive of convenience proved strong, and 
efforts to manufacture a palatable instant 
brew continued. Finally, after using U.S. 
troops as testers during World War II, an 
American coffee manufacturer (Maxwell 
House) began marketing the first successful 
instant coffee in 1950. 

At present, 85 percent of Americans begin 
their day by making some form of the drink, 
and the average American will consume 
three cups of it over the course of the day. 

Raw Materials 

Coffee comes from the seed, or bean, of the 
coffee tree. Coffee beans contain more than 
100 chemicals including aromatic molecules, 
proteins, starches, oils, and bitter phenols 
(acidic compounds), each contributing a dif¬ 
ferent characteristic to the unique flavor of 
coffee. The coffee tree, a member of the 
evergreen family, has waxy, pointed leaves 
and jasmine-like flowers. Actually more like 


a shrub, the coffee tree can grow to more 
than 30 feet (9.14 meters) in its wild state, 
but in cultivation it is usually trimmed to 
between five and 12 feet (1.5 and 3.65 
meters). After planting, the typical tree will 
not produce coffee beans until it blooms, 
usually about five years. After the white 
petals drop off, red cherries form, each with 
two green coffee beans inside. (Producing 
mass quantities of beans requires a large 
number of trees: in one year, a small bush 
will yield only enough beans for a pound of 
coffee.) Because coffee berries do not ripen 
uniformly, careful harvesting requires pick¬ 
ing only the red ripe berries: including 
unripened green ones and overly ripened 
black ones will affect the coffee taste. 

Coffee trees grow best in a temperate climate 
without frost or high temperatures. They 
also seem to thrive in fertile, well-drained 
soil; volcanic soil in particular seems con¬ 
ducive to flavorful beans. High altitude 
plantations located between 3,000 and 6,000 
feet (914.4 and 1,828.8 meters) above sea 
level produce low-moisture beans with more 
flavor. Due to the positive influences of vol¬ 
canic soil and altitude, the finest beans are 
often cultivated in mountainous regions. 
Today, Brazil produces about half of the 
world’s coffee. One quarter is produced 
elsewhere in Latin America, and Africa con¬ 
tributes about one sixth of the global supply. 

Currently, about 25 types of coffee trees 
exist, the variation stemming from environ¬ 
mental factors such as soil, weather, and alti¬ 
tude. The two main species are coffea robust a 
and coffea arabica. The robusta strain pro¬ 
duces less expensive beans, largely because it 
can be grown under less ideal conditions than 
the arabica strain. When served, coffee made 
from arabica beans has a deep reddish cast, 
whereas robusta brews tend to be dark brown 
or black in appearance. The coffees made 
from the two commonly used beans differ 
significantly. Robusta beans are generally 
grown on large plantations where the berries 
ripen and are harvested at one time, thereby 
increasing the percentage of under- and over¬ 
ripe beans. Arabica beans, on the other hand, 
comprise the bulk of the premium coffees that 
are typically sold in whole bean form so pur¬ 
chasers can grind their own coffee. Whether 
served in a coffee house or prepared at home, 
coffee made from such beans offers a more 
delicate and less acidic flavor. 
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Coffee bean harvesting is still done 
manually. The beans grow in clus¬ 
ters of two; each cluster is called a 
"cherry." Next, the beans are dried 
and husked. In one method, the wet 
method, the beans are put in pulp¬ 
ing machines to remove most of the 
husk. After fermenting in large 
tanks, the beans are put in hulling 
machines, where mechanical stir¬ 
rers remove the final covering and 
polish the beans to a smooth, glossy 
finish. 

After being cleaned and sorted, the 
beans are roasted in huge ovens. 
Only after roasting do the beans 
emit their familiar aroma. The 
beans are then cooled. 



The Manufacturing 
Process 

Drying and husking the cherries 

1 First, the coffee cherries must be har¬ 
vested, a process that is still done manu¬ 
ally. Next, the cherries are dried and husked 
using one of two methods. The dry method is 
an older, primitive, and labor-intensive 
process of distributing the cherries in the sun, 
raking them several times a day, and allow¬ 
ing them to dry. When they have dried to the 
point at which they contain only 12 percent 
water, the beans’ husks become shriveled. 
At this stage they are hulled, either by hand 
or by a machine. 

2 In employing the wet method, the hulls 
are removed before the beans have dried. 
Although the fruit is initially processed in a 
pulping machine that removes most of the 
material surrounding the beans, some of this 
glutinous covering remains after pulping. 


This residue is removed by letting the beans 
ferment in tanks, where their natural 
enzymes digest the gluey substance over a 
period of 18 to 36 hours. Upon removal from 
the fermenting tank, the beans are washed, 
dried by exposure to hot air, and put into 
large mechanical stirrers called hullers. 
There, the beans’ last parchment covering, 
the pergamino, crumbles and falls away eas¬ 
ily. The huller then polishes the bean to a 
clean, glossy finish. 


Cleaning and grading the beans 

3 The beans are then placed on a conveyor 
belt that carries them past workers who 
remove sticks and other debris. Next, they 
are graded according to size, the location and 
altitude of the plantation where they were 
grown, drying and husking methods, and 
taste. All these factors contribute to certain 
flavors that consumers will be able to select 
thanks in part to the grade. 
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To make instant coffee, manufactur¬ 
ers grind the beans and brew the 
mixture in percolators. During this 
process, an extract forms and is 
sprayed into a cylinder. As it travels 
down the cylinder, the extract 
passes through warm air that con¬ 
verts it into a dry powder. 


4 Once these processes are completed, 
workers select and pack particular types 
and grades of beans to fill orders from the 
various roasting companies that will finish 
preparing the beans. When beans (usually 
robusta ) are harvested under the undesirable 
conditions of hot, humid countries or coastal 
regions, they must be shipped as quickly as 
possible, because such climates encourage 
insects and fungi that can severely damage a 
shipment. 

When the coffee beans arrive at a roast¬ 
ing plant, they are again cleaned and 
sorted by mechanical screening devices to 
remove leaves, bark, and other remaining 
debris. If the beans are not to be decaf¬ 
feinated, they are ready for roasting. 

Decaffeinoting 

If the coffee is to be decaffeinated, it is 
now processed using either a solvent or a 
water method. In the first process, the coffee 
beans are treated with a solvent (usually 
methylene chloride) that leaches out the caf¬ 
feine. If this decaffeination method is used, 
the beans must be thoroughly washed to 
remove traces of the solvent prior to roasting. 
The other method entails steaming the beans 
to bring the caffeine to the surface and then 
scraping off this caffeine-rich layer. 

Roasting 

7 The beans are roasted in huge commer¬ 
cial roasters according to procedures and 
specifications which vary among manufac¬ 
turers (specialty shops usually purchase 


beans directly from the growers and roast 
them on-site). The most common process 
entails placing the beans in a large metal 
cylinder and blowing hot air into it. An older 
method, called singeing, calls for placing the 
beans in a metal cylinder that is then rotated 
over an electric, gas, or charcoal heater. 

Regardless of the particular method used, 
roasting gradually raises the temperature of 
the beans to between 431 and 449 degrees 
Fahrenheit (220-230 degrees Celsius). This 
triggers the release of steam, carbon monox¬ 
ide, carbon dioxide, and other volatiles, 
reducing the weight of the beans by 14 to 23 
percent. The pressure of these escaping 
internal gases causes the beans to swell, and 
they increase their volume by 30 to 100 per¬ 
cent. Roasting also darkens the color of the 
beans, gives them a crumbly texture, and 
triggers the chemical reactions that imbue the 
coffee with its familiar aroma (which it has 
not heretofore possessed). 

8 After leaving the roaster, the beans are 
placed in a cooling vat, wherein they are 
stirred while cold air is blown over them. If 
the coffee being prepared is high-quality, the 
cooled beans will now be sent through an 
electronic sorter equipped to detect and elim¬ 
inate beans that emerged from the roasting 
process too light or too dark. 

9 If the coffee is to be pre-ground, the man¬ 
ufacturer mills it immediately after roast¬ 
ing. Special types of grinding have been 
developed for each of the different types of 
coffee makers, as each functions best with 
coffee ground to a specific fineness. 
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Instant coffee 

If the coffee is to be instant, it is 
brewed with water in huge percolators 
after the grinding stage. An extract is clari¬ 
fied from the brewed coffee and sprayed into 
a large cylinder. As it falls downward 
through this cylinder, it enters a warm air 
stream that converts it into a dry powder. 

Packaging 

Because it is less vulnerable to flavor 
and aroma loss than other types of cof¬ 
fee, whole bean coffee is usually packaged in 
foil-lined bags. If it is to retain its aromatic 
qualities, pre-ground coffee must be hermeti¬ 
cally sealed: it is usually packaged in imper¬ 
meable plastic film, aluminum foil, or cans. 
Instant coffee picks up moisture easily, so it 
is vacuum-packed in tin cans or glass jars 
before being shipped to retail stores. 

Environmental Concerns 

Methylene chloride, the solvent used to 
decaffeinate beans, has come under federal 
scrutiny in recent years. Many people charge 
that rinsing the beans does not completely 
remove the chemical, which they suspect of 
being harmful to human health. Although 
the Food and Drug Administration has con¬ 


sequently ruled that methylene chloride 
residue cannot exceed 10 parts per million, 
the water method of decaffeination has 
grown in popularity and is expected to 
replace solvent decaffeination completely. 

Where To Learn More 

Books 

Davids, Kenneth. Coffee. 101 Productions, 
1987. 

Pamphlets 

“More Fun With Coffee.” National Coffee 
Association. 

“The Story of Good Coffee from the Pacific 
Northwest.” Starbucks Coffee Company. 

Periodicals 

“From Tree to Bean to Cup,” Consumer 
Reports. September, 1987, p. 531. 

Globus, Paul. “This Little bean is Big 
Business,” Reader’s Digest (Canadian), 
March, 1986, p. 35. 

— Catherine Kolecki 
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Background 

The combination lock is one opened not by a 
key but by the alignment of its interior parts 
in a definite position. The most common 
types have an internal mechanism consisting 
of a series of three or four interconnected 
rings or discs that are attached to and turned 
by a central shaft. Manually rotating the out¬ 
side knob or dial turns the discs, each of 
which is “programmed” to stop at a notched 
opening or gate. However, with a four-disc 
lock, certain preliminary spinning of the dial 
is necessary to get the lock to move the cor¬ 
rect disc. The knob must first be turned to 
the right and spun past the first number four 
times before being allowed to stop beneath 
the marker. Next, rotating in the opposite 
direction, the knob must pass the second 
number three times. Reversing directions 
again, the user must spin the dial past the 
third number twice, and so on. When the 
apertures of all the rings align, they enable 
projections on a spring-loaded bolt to slide 
through, releasing the bolt and opening the 
lock. 

Combination locks come in two varieties: 
hand and key change. One kind of hand com¬ 
bination lock that does not use internal 
wheels is the pushbutton lock, commonly 
installed in office doors and affording some 
measure of security. Pushing three or four 
buttons in order or together releases a shaft 
or deadbolt, allowing the door to open. The 
internal mechanism operates similarly to 
conventional padlocks. 

Many people remember the simple padlocks 
that graced their school lockers. Picking 
these and other low-priced combination 
locks was frequently a game—and one often 


played successfully. With practice, an aspir¬ 
ing lockpicker could actually hear the audi¬ 
ble clicks made when the protuberances on 
the bolt aligned with the notches on the discs. 
However, manufacturers of better locks 
design false gates in the discs to make crack¬ 
ing the lock extremely difficult. Only experts 
can distinguish between the three or more 
false gates and the true gate, and, since a lock 
with four discs can use any of 100,000,000 
possible combinations, identifying the cor¬ 
rect one by chance is unlikely. 

The combination lock was invented in China, 
although historical records provide little spe¬ 
cific information about its development. 
Combination locks came into popular use in 
the United States in the mid-1800s to secure 
bank vaults. The locks, integrated into the 
vault doors, are a colorful footnote to the his¬ 
tory of the old West as western films testify. 
In 1873 James Sargent foiled many a real 
bank robber by perfecting a time lock that, 
coupled with a combination lock, kept every¬ 
one out of the vault until the clock or clocks 
that regulated the lock reached the time at 
which it was set to open, usually once a day. 

Raw Materials 

A typical combination lock of the padlock 
variety has twenty component parts, gener¬ 
ally made of stainless steel or cold-rolled 
steel that is plated or coated to resist corro¬ 
sion. Combination locks are constructed to 
last a lifetime, and their parts are not 
intended to require repair or replacement. In 
addition to steel, two other raw materials are 
essential to the combination lock. Nylon is 
used for the spacers that separate the discs, 
enabling them to turn independently, while 
zamak, a zinc alloy, is molded under pressure 
to form the bar, shaft, and outside dial. 


Manufacturers of better 
locks design false gates in 
the discs to make cracking 
the lock extremely difficult. 
Only experts can 
distinguish between the 
three or more false gates 
and the true gate, and, 
since a lock with four discs 
can use any of 
100,000,000 possible 
combinations, identifying 
the correct one by chance 
is unlikely. 
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The various components in a combi¬ 
nation lock are made in a variety of 
ways. Some components, such as 
those made from zamak, are injec¬ 
tion molded—the zamak is heated 
to a molten state and forced into a 
mold of the desired shape. Other 
components, such as the combina¬ 
tion cam and disc, are cold rolled— 
passed between heavy rollers. Still 
other components are drawn or 
machined to the proper shape. 
Most of the components are then 
plated and finished to protect 
against corrosion. 


INJECTION MOLDING 



COLD ROLLING 



Inner case 
Outer case 


Drawing 



Plating 

and 

Finishing 



Design 

A combination lock’s parts can be divided 
into two categories: internal and external 
components. Excepting the springs when 
extended, none of the internal parts exceed 
two inches (5.08 centimeters) in length. The 
internal works of the locking mechanism 
comprise the lever and supporting lever post 
and a disc shaft about which disc spacers and 
the combination disc turn. Two, three, or 
four combination discs are the key precision 
elements of the mechanism, but it is the com¬ 
bination cam, a notched disc, that generates 
the combination for the lock mechanism. 
The cam is also attached to the outside com¬ 
bination dial that is turned by the lock’s user. 
The internal disc spring supports the combi¬ 
nation discs under tension, enabling the com¬ 
bination to be dialed. Other internal 
components in the lock case include a 
shackle collar that holds the shackle (the U- 
shaped component that detaches from the 
case when the lock has been opened) in the 


locked position with a latch that fits into the 
shackle notch. An inner case encloses all 
internal parts and gives the lock body hous¬ 
ing strength. External parts include the 
lock’s outer case, the shackle, a back cover, 
and the combination dial. 

The Manufacturing 
Process 

The twenty component parts of the typical 
combination lock are formed, drawn, cut, 
pressed, and molded on a variety of 
machines, both manual and automatic. 

Making the internal components 

I The lever, locking latch, and disc shaft are 
all made by injection molding, a process in 
which molten zamak is poured into a mold 
and subjected to heat and pressure until it 
solidifies into the shape of the mold. 
Although the post is shaped at room tempera¬ 
ture, it is also formed under high pressure. 
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A fully constructed combination 
lock. It is Hie combination cam, a 
notched disc, that generates the 
combination for the lock mecha¬ 
nism. Combination locks are built to 
last a lifetime, and their parts are 
not intended to require repair or 
replacement. 


The combination disc and the cam are made 
of cold-rolled—passed under huge rolls with¬ 
out being heated—flat strip steel; after being 
cold rolled, the steel is put in a blanking die, a 
sophisticated cookie cutter, which cuts (or 
blanks) out the properly shaped piece. The 
internal disc spring is made from stainless 
steel round wire and produced on a spring 
winder that automatically twists and turns the 
wire to form the traditional coil spring. The 
shackle collar, like the combination disc and 
cam, is made from cold-rolled flat strip steel 
that is blanked in a blanking die. The inner 
case is produced from flat steel strip and 
drawn to a cup configuration. This process 
requires great pressure to stretch and com¬ 
press the material as it is pressed or drawn 
around a die, whose shape it takes. 

Making the outer parts 

2 The outer case is manufactured similarly 
to the inner case but from stainless steel 
sheet instead of strip. The back cover, also 


stainless steel, is blanked in a blanking die. 
The durable shackle is made of round bar 
stock and machined on a screw machine, 
then formed to its U-shape and notched to 
accept the locking latch. It is finally 
annealed (heated to great temperature before 
being quenched in water) to make it resistant 
to hacksaws and bolt cutters. The combina¬ 
tion dial, also zamak, is injection molded, 
then chromized. This process involves heat¬ 
ing the part in a salt bath rich in chromium. 
The steel absorbs the chromium, which hard¬ 
ens on the surface as it cools rapidly. The 
dial is painted black and white wiped, which 
leaves the numbers highlighted against the 
black face. 

Plating the components 

3 Several plating and finishing processes 
can be used to protect the components 
against corrosion. The lever, disc shaft, 
combination cam, and dial are chromized. 
The inner case, shackle collar, and lever post 
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are all cadmium-plated. The shackle and 
locking latch are copper nickel-plated. The 
outer case, of stainless steel, is mechanically 
polished to enhance luster. 

Assembling the lock 

4 Assembly of the components is precise 
with the back plate disc shaft, combina¬ 
tion cam, and spacers forming one sub- 
assembly. The outer and inner cases are 
riveted together and then pierced at the point 
where the shackle is inserted. The combina¬ 
tion dial, outer and inner case unit, and com¬ 
bination cam are then fastened together. 
Finally, these sub-assemblies and the remain¬ 
ing parts are fitted together. The lock case is 
closed and the edges folded over and sealed. 
Conventional hardware fasteners that can be 
released with the proper tool are not used. 

Labeling and packaging 

The remaining operation is the applica¬ 
tion of a removable tag or label to the 
lock. On this tag is the combination, deter¬ 
mined randomly by machine draw. Lock 
manufacturers today jealously guard their 
combination setting procedures. A typical 
combination lock is sold in blister pack, a 


rigid molded plastic with cardboard backing, 
although locks may also be individually 
boxed. 

Quality Control 

Before any lock is packaged, many manufac¬ 
turers completely test the locking and 
unlocking sequence. Other inspections and 
measurements are performed by individual 
operators at their stations during both manu¬ 
facturing and assembly. Combination locks 
today enjoy a reputation for excellent relia¬ 
bility and durability. 

Where To Learn More 

Books 

All About Locks and Locksmithing. Haw¬ 
thorne Books, 1972. 

Combination Lock Principles. Gordon Press 
Publishers, 1986. 

The Complete Book of Locks and Lock- 
smithing. Tab Books, 1991. 

—Peter Toeg 
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Background 

A combine is a large, self-propelled agricul¬ 
tural machine used to harvest grain crops 
such as wheat, com, soybeans, milo, rape- 
seed, and rice. As its name suggests, the 
combine performs two, and sometimes more, 
basic functions of harvesting: first it reaps 
(cuts) the crop, and then it threshes it, sepa¬ 
rating the kernels of grain from the seed cov¬ 
erings and other debris (chaff). Some 
combines may also bale the straw that 
remains after threshing; the machines can 
also be equipped to pick cotton. 

Combines are very large pieces of equip¬ 
ment. The operator sits atop the machine in a 
high cab with full-length windows for a good 
view. A long, square body, topped with a 
grain tank and a chute through which the 
threshed grain can be removed from it, rides 
on huge, front-mounted drive wheels and 
smaller, skinnier rear steering wheels. A 
turbo-charged diesel engine propels the com¬ 
bine and provides power for the header, 
threshing cylinder, cleaning system, and 
augers that move the grain from the header 
through the threshing cylinder to the grain 
tank and then out to a waiting truck. 

As a combine progresses along rows of grain, 
its front component—the reel, a large, hexag¬ 
onal metal piece set parallel to the ground— 
rotates, sweeping the grain stalks up into the 
machine. Different reel designs are required 
to harvest different crops. For example, while 
a wheat reel shunts the stalks into a cutting bar 
that slices them just below the heads of ripe 
grain, a com reel strips the ears of com from 
the stalks, leaving them flattened against the 
ground. Today, farmers can choose from 
many different types and sizes of header mod¬ 


els. The explanation below describes the 
progress of wheat through a combine. 

Once inside the body of the combine, the 
stalks are thrust against the cutter bar, a com¬ 
ponent that looks something like a comb. 
With the “tines” of the comb catching the 
stalks, a knife-like implement slices them 
near ground level. The stalks are then trans¬ 
ported up onto an elevator by means of a stalk 
auger. Large metal cylinders, augurs feature 
screw-like projections that trap the grain so 
that it can be transported. The stalk augur, set 
parallel to the ground, sweeps the cut stalks 
onto the elevator—a pair of rollers fitted with 
conveyor belts that carry the grain upwards 
into the heart of the combine, the threshing 
cylinder. This cylinder is a large roller with 
protuberances. Rotating at high speed over a 
slitted, half-moon-shaped trough (the con¬ 
cave), the cylinder separates the kernels of 
grain from the heads of the stalks. 

Once separated from the kernels, the stalks 
are swept up by the bars of the threshing 
cylinder, which deposit them on the first of a 
series of straw walkers. These are large, 
slightly overlapping, square platforms that 
gradually descend toward the rear of the 
combine. Vibrating slightly, the first walker 
causes the straw to drop onto the second, and 
the second shakes until the straw drops onto 
the third and lowest, at which point it is 
either dropped through a chute onto the 
ground or, in a baling machine, packed into 
bales. Unlike the stalks of grain, the kernels 
are small enough to fall through the slits in 
the concave and are caught in the grain pan 
that lies beneath it. The grain pan vibrates, 
shaking the kernels, the chaff, and some 
heads that made it through the threshing 
cylinder intact into a set of vibrating sieves. 


Different reel designs are 
required to harvest 
different crops. For 
example, while a wheat 
reel shunts the stalks into a 
cutting bar that slices them 
just below the heads of 
ripe grain, a com reel 
strips the ears of corn from 
the stalks, leaving them 
flattened against the 
ground. 
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Most combine components are 
made from sheet steel. Large coils of 
the steel are delivered to the manu¬ 
facturer, who then cuts the steel to 
the proper length, shapes it, and 
welds it. Welding is done with 
robots. 

After the body is constructed, it is 
attached to an overhead conveyor, 
which then transports it to the paint 
bath. Painting is done electrostati¬ 
cally—the paint is given an oppo¬ 
site charge from the combine body. 
This technique allows paint to reach 
every exposed part of metal, pro¬ 
viding a corrosion-free surface. 


The vibrations cause the kernels to fall 
through the sieves, while the unthreshed 
heads are trapped. A fan adjacent to the 
sieves blows air across them, causing the 
chaff (which is very light) to blow backwards 
out the rear of the combine. The unthreshed 
heads are then routed, via another auger, into 
the tailings elevator, which transports them 
back into the threshing cylinder. Meanwhile, 
the kernels fall into the grain augur and are 
transported up into the grain elevator, which 
deposits them in the grain tank. Yet another 
augur, the unloading augur, is inserted into 
the grain tank, and grain can be removed 
from the tank through it. 

The combine was developed during the 1800s, 
when many agricultural processes were being 
automated. Beginning as early as 1826, indi¬ 
vidual inventors and businessmen turned out 


hundreds of contraptions to aid farmers in har¬ 
vesting grains. However, these early 
machines performed only one of two impor¬ 
tant functions: they were either reapers, 
which cut the stalks of grain, or threshers, 
which separated the grain from the chaff. 

The first reaper was designed by a Scottish 
minister, Patrick Bell, in 1826. Of the many 
others developed during the mid-1800s, the 
most successful machine was created by an 
American, Robert McCormick, and perfected 
by his more famous son, Cyrus. Robert 
McCormick worked on various reaper 
designs from 1809 until 1831, and Cyrus 
McCormick, continuing his father’s work, 
sold the first McCormick Reaper in 1839. 

Threshing machines, to separate and clean 
the kernels of grain, were first assembled in 
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the late 1700s and were in widespread use in 
England and Scotland by the 1830s. Over 
the next two decades, several Americans 
invented threshing machines. The most suc¬ 
cessful were Hiram and John Pitts, brothers 
who sold the first “Chicago Pitts” thresher in 
1852. Jerome Increase Case also produced 
an enduringly popular thresher: founded in 
1844, the company that bears his name con¬ 
tinues to thrive today. 

The first farm machine that could do the 
work of both a reaper and a thresher was 
patented in 1828, although the first model 
was not sold until 1838. Both huge and cum¬ 
bersome, the machine required twenty horses 
to pull it. For this reason, combines were not 
used in large numbers until the early twenti¬ 
eth century, when refinements had rendered 
them easier to use. 

Today, modem combines are the most com¬ 
plicated machines produced on an assembly 
line. While a passenger automobile is made 
up of 6,000 parts, a combine comprises over 
17,000. This complexity is reflected in the 
price: a single combine can cost as much as 
$100,000. Today, there are two major com¬ 
bine manufacturers in the United States. 
Both firms, John Deere and J. I. Case, have 
large, modern manufacturing plants that sit 
next to one another along the Mississippi 
River in East Moline, Illinois, and in 1990, 
they sold about 11,500 combines in the 
United States and Canada. 

Raw Materials 

Sheet steel, the main raw material used in 
manufacturing combines, is delivered to the 
manufacturing plant in massive rolls, 48 
inches (121.92 centimeters) wide and 
weighing up to 12,000 pounds (5,448 kilo¬ 
grams). After being uncoiled, the rolls are cut 
into plates that are then cut, drilled, shaped, 
and welded to make the combine body, 
external panels, and grain tank. Round steel 
bars and hollow, square steel channels are 
also cut and drilled for axles, drive shafts, 
augers, and supporting structures. Complex 
subassemblies such as the engine and trans¬ 
mission are either built at other company 
plants or are purchased from smaller compa¬ 
nies, Often, a delivery vehicle transports 
components to the exact spot along the 
assembly line where the parts are needed. 


After assembly, the combine is painted with 
water-based paint that reaches the factory as 
a powder and is mixed with highly purified 
water. 

The Manufacturing 
Process 

Cutting the steel into blanks 

1 Manufacturing a combine begins with the 
delivery of large coils of sheet steel to the 
sheet metal shop. The coil steel is loaded 
into one of several machines that make up 
the cut-to-length line in the sheet metal shop. 
Computer-controlled rollers pull the steel 
from the coil, flatten it, and feed it into a cut¬ 
ting machine. The steel is cut into blanks, 
basic rectangular shapes that are later welded 
together to form the body of the combine and 
the top-mounted grain tank. For maximum 
efficiency, the cut-to-length line operates on 
pre-determined batch schedules. The basic 
metal shapes cut from the steel coils are used 
during the day or week that they are cut, so 
there is no storage of basic components. 

2 From the cut-to-length line, the blanks 
are moved to the cut-to-shape line. In a 
laser punch press, an industrial laser cuts 
complex shapes from them and drills holes 
for shafts, piping, and bolts. Then the press 
exerts up to 1,000 tons of pressure to bend 
the steel into final form. 

V/elding the formed parts 

3 Small batches of parts are moved from 
the sheet metal shop to the welding area, 
where cellular manufacturing techniques are 
used for speed and quality control. In cellu¬ 
lar manufacturing, several manufacturing 
functions are grouped in one area so parts 
can be quickly passed from one operation to 
the next, and several subcomponents are 
loaded on a transportation skid before being 
sent to the next assembly step. Thus, all the 
parts needed to assemble a batch of compo¬ 
nents are present when the skid arrives. To 
further enhance efficiency, much of the 
welding of sheet steel components is done by 
powerful, computer-controlled units. 
Hydraulic lifts properly position components 
that are then welded by one-armed robots. 
As the smaller components of the combine 
are assembled, the body begins to take shape. 
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Combines are large, complex, and 
expensive vehicles—a modem com¬ 
bine contains about 17,000 parts 
(an automobile contains 6,000) 
and can cost up to $100,000. 
Different reel designs allow com¬ 
bines to perform different functions. 


In the form of a simple frame, it is now 
attached to an overhead loadbar conveyor 
track that carries it through the remainder of 
the production process. 

Painting 

After the body has been welded, the 
overhead conveyor transports it to and 
submerges it in the paint tank, a huge 48,000 
gallon (181,776 liters) tank full of electrosta¬ 
tically charged paint. Because combines are 
used and stored outside, their paint must be 
able to resist the harmful effects of sunshine 
and moisture, and the electrostatic process 
insures that it will. In electrostatic painting, 
the metal combine body is given a positive 
electrical charge while the water-based paint 
is given a negative charge. Because opposite 
electrical charges are attracted to each other, 
the positively charged body attracts the nega¬ 
tively charged paint, causing the paint to 
bond to the combine tightly and completely 
(only rubber gaskets and other non-metallic 
parts are not touched by the paint). 

After the conveyor lifts the combine 
body from the paint bath, it suspends it 
over the tank for a few moments so that 
excess paint can drip off. The body is then 
moved into a 363 degree Fahrenheit (182 


degrees Celsius) oven where the paint is 
baked to a hard, rust-resistant finish. 

6 After painting, the combine body is car¬ 
ried through the assembly line so that 
other major components may be installed. 
Where necessary, these components have 
also been dipped in the electrostatic paint 
bath. Once the axles, hubs, and tires have 
been added, the combine is removed from 
the overhead conveyor and is towed from 
station to station. 

Welding the grain tank 

7 After the combine body, the other signif¬ 
icant structural assembly is the grain 
tank. In the grain tank assembly area, skilled 
workers use a complex positioning and weld¬ 
ing system to complete more than 500 sepa¬ 
rate welds in two, 10-72 minute sequences. 
Automated sheet metal handling equipment 
pulls flat sheets from skids fresh from the 
cut-to-shape line in the sheet metal shop. 
These sheets are then loaded onto a huge 
metal table the size of a two-car garage. 
Next, hydraulic cylinders position the side 
panels as human welders scramble to secure 
the comers of the grain tank with tack welds. 
When the human welders are out of harm’s 
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way, robot arms swing into action, making 
hundreds of welds in a few minutes. 

Final assembly 

8 After the body and grain tank have been 
painted, they are brought to the final 
assembly line, where 22 different assembly 
operations are performed. Major components 
like the engine module are installed, wiring 
and hydraulic lines are connected, and all sys¬ 
tems are tested. Oil, anti-freeze, and gas are 
added, and the engine is started. On the out¬ 
side, a final coating of clear polyurethane is 
applied across the top of the wide, flat sur¬ 
faces of the cab, grain tank, and engine mod¬ 
ule, and decals are applied. 

Qualify Control 

Because a combine is an expensive farming 
implement and is used during the critical 
days of harvest, each unit must meet the 
highest standards of operational perfor¬ 
mance. Failure caused by materials or work¬ 
manship cannot be tolerated. Therefore, 
quality control begins with the suppliers of 
the raw materials and continues even after 
final assembly. 

Today, combine manufacturers randomly 
test incoming samples of sheet metal and bar 
stock to ensure that no weaknesses exist in 
the metal. In each manufacturing step, work¬ 
ers establish procedures to limit the chance 
of defects caused by faulty manufacturing 
methods. Each station in the manufacturing 
process is responsible for delivering a defect- 
free component to the next station. Such a 
manufacturing philosophy drives individual 
employees to check their own work for 
defects. 


The Future 

Over the last few years, combine design has 
changed, relying less on pulleys, belts, and 
drive shafts and more on electronic controls, 
solenoid actuators, and hydraulic power sys¬ 
tems. Over the next few years, improve¬ 
ments in the engine and transmission will 
give farmers even greater power and fuel 
efficiency. Another area of development is 
in the threshing cylinder. A new design now 
being studied features two rotating cages, 
one inside the other, to clean the grain. Such 
a design would be more efficient, allowing 
the combine body to be smaller. Secondary 
cleaning equipment and fans to blow chaff 
away from the grain also could be elimi¬ 
nated. These constant efforts to improve 
design are allowing combine manufacturers 
to offer units with more power, greater 
capacity, and greater reliability. Today, 
combines can offer 5,000 to 10,000 hours 
between engine overhauls and 25 to 30 per¬ 
cent more power over units just 10 years old. 

Where To Learn More 

Books 

Bell, Brian. Farm Machinery , 3rd ed. 
Diamond Farm Book Publishers, 1989. 

Olney, Ross. The Farm Combine. Walker 
and Company, 1984. 

Periodicals 

“Change Names The Game,” OEM Off- 
Highway, May 1992, pp. 8-9. 

“Deere: Where There’s No Such Thing As 
The Status Quo,” Production, June 1991. 

— Robert C. Miller 
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A standard CD can store 
up to 74 minutes of data. 

However, most CDs 
contain only about 50 
minutes of music, all of 
which is recorded on only 
one side of the CD (the 
underside). 


Compact Disc 


Background 

Ever since the invention of the phonograph 
in 1876, music has been a popular source of 
home entertainment. In recent years, the 
compact disc has become the playback 
medium of choice for recorded music. 

A compact disc, or CD, is an optical storage 
medium with digital data recorded on it. The 
digital data can be in the form of audio, 
video, or computer information. When the 
CD is played, the information is read or 
detected by a tightly focused light source 
called a laser (thus the name optical 
medium). This article will focus on audio 
compact discs, which are used to play back 
recorded music. 

The history of the compact disc can be traced 
back to the development of electronic tech¬ 
nology and particularly digital electronic 
technology in the 1960s. Although the first 
applications of this technology were not in 
the recording area, it found increasing use in 
audio components as the technology 
evolved. 

During the same period, many companies 
started experimenting with optical informa¬ 
tion storage and laser technology. Among 
these companies, electronic giants Sony and 
Philips made notable progress in this area. 

By the 1970s, digital and optical technolo¬ 
gies had reached a level where they could be 
combined to develop a single audio system. 
These technologies provided solutions to the 
three main challenges faced by the develop¬ 
ers of digital audio. 

The first challenge was to find a suitable 
method for recording audio signals in digital 


format, a process known as audio encoding. 
A practical method of audio encoding was 
developed from the theories published by C. 
Shannon in 1948. This method, known as 
pulse code modulation (PCM), is a technique 
that samples a sound during a short time 
interval and converts the sample to a numeri¬ 
cal value that is then modulated or stored for 
later retrieval. 

The storing of audio signals in digital form 
requires a large amount of data. For instance, 
to store one second of music requires one 
million bits of data. The next challenge, 
therefore, was to find a suitable storage 
medium to accommodate any significant 
amount of sound. The solution to this prob¬ 
lem came in the form of optical discs. An 
optical disc can store large amounts of data 
tightly compressed together. For example, 
one million bits of data on a CD can occupy 
an area smaller than a pinhead. This informa¬ 
tion is read by means of a laser beam that is 
capable of focusing on a very narrow area as 
small as l/2500th of an inch. 

The final challenge of digital audio was to 
process the densely packed information on 
compact discs quickly enough to produce 
continuous music. The solution was provided 
by the development of integrated circuit tech¬ 
nology, which allow the processing of mil¬ 
lions of computations in just micro-seconds. 

By the late 1970s, a common set of standards 
for the optical storage discs had been devel¬ 
oped by the joint efforts of Sony and Philips. 
A consortium of 35 hardware manufacturers 
agreed to adopt this standard in 1981 and the 
first compact discs and compact disc players 
were introduced in the market in 1982. 
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Raw Materials 

A compact disc is a deceptively simple look¬ 
ing device considering the technology 
required to make it. CDs consist of three lay¬ 
ers of materials: 

• A base layer made of a polycarbonate plas¬ 
tic. 

• A thin layer of aluminum coating over the 
polycarbonate plastic. 

• A clear protective acrylic coating over the 
aluminum layer. 

Some manufacturers use a silver or even 
gold layer instead of the aluminum layer in 
the manufacture of their compact discs. 


Design 

The compact disc is designed strictly accord¬ 
ing to the standards established by Sony and 
Philips in order to maintain universal com¬ 
patibility. A CD is 4.72 inches (120 millime¬ 
ters) in diameter and .047 inches (1.2 
millimeters) thick. The positioning hole in 
the middle is .59 of an inch (15 millimeters) 
in diameter. A CD usually weighs around .53 
of an ounce (15 grams). 

A standard CD can store up to 74 minutes of 
data. However, most CDs contain only about 
50 minutes of music, all of which is recorded 
on only one side of the CD (the underside). 
The recorded data on the CD takes the form 
of a continuous spiral starting from the inside 
and moving outward. This spiral or track con¬ 
sists of a series of indentations called pits, 


Making a compact disc involves first 
preparing a glass "disc master." 
This master is then encoded with the 
desired information and put 
through a series of electroforming 
steps. In electroforming, metal lay¬ 
ers are deposited on the glass mas¬ 
ter using electric currents. When the 
final master version is ready, its 
information is transfered onto a 
plastic disc. A reflective aluminum 
layer is applied, followed by a clear 
acrylic protective layer, and finally 
the label. 
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separated by sections called lands. A tiny 
laser beam moving along the track reflects 
light back to a photo sensor. The sensor sees 
more light when it is on a land than when it is 
on a pit, and these variations in light intensity 
are converted into electrical signals that rep¬ 
resent the music originally recorded. 

The Manufacturing 
Process 

Compact discs must be manufactured under 
very clean and dust free conditions in a 
“clean room,” which is kept free from virtu¬ 
ally all dust particles. The air in the room is 
specially fdtered to keep out dirt, and occu¬ 
pants of the room must wear special clothing. 
Because an average dust particle is 100 times 
larger than the average pit and land on a CD, 
even the smallest dust particle can render a 
disc useless. 

Preparing the disc master 

I The original music is first recorded onto a 
digital audio tape. Next, the audio pro¬ 
gram is transferred to a 3/4-inch (1.9 cen¬ 
timeters) video tape, and then data (called 
subcodes) used for indexing and tracking the 
music is added to the audio data on the tape. 
At this point, the tape is called a pre-master. 

2 The pre-master tape will be used to cre¬ 
ate the disc master (also called the glass 
master), which is a disc made from specially 
prepared glass. The glass is polished to a 
smooth finish and coated with a layer of 
adhesive and a layer of photoresist material. 
The disc is approximately 9.45 inches (240 
millimeters) in diameter and .24 of an inch 
(six millimeters) thick. After the adhesive 
and photoresist are applied, the disc is cured 
in an oven. 

3 Next, both the pre-master tape and the 
disc master are put into a complex laser 
cutting machine. The machine plays back the 
audio program on the pre-master tape. As it 
does so, the program is transferred to a 
device called a CD encoder, which in turn 
generates an electrical signal. This signal 
powers a laser beam, which exposes or 
“cuts” grooves into the photoresist coating 
on the glass disc (the disc master). 

4 The grooves that have been exposed are 
then etched away by chemicals; these 


etched grooves will form the pits of the 
CD’s surface. A metal coating, usually sil¬ 
ver, is then applied to the disc. The disc mas¬ 
ter now contains the exact pit-and-land track 
that the finished CD will have. 

Electroforming 

After etching, the disc master undergoes 
a process called electroforming, in which 
another metal layer such as nickel is 
deposited onto the disc’s surface. The phrase 
“electro” is used because the metal is 
deposited using an electric current. The disc 
is bathed in an electrolytic solution, such as 
nickel solphamate, and as the electric current 
is applied, a layer of metal forms on the disc 
master. The thickness of this metal layer is 
strictly controlled. 

6 Next, the newly applied metal layer is 
pulled apart from the disc master, which 
is put aside. The metal layer, or father, con¬ 
tains a negative impression of the disc master 
track; in other words, the track on the metal 
layer is an exact replica, but in reverse, of the 
track on the disc master. 

7 The metal father then undergoes further 
electroforming to produce one or more 
mothers, which are simply metal layers that 
again have positive impressions of the origi¬ 
nal disc master track. Using the same electro¬ 
forming process, each mother then produces 
a son (also called a stamper) with a negative 
impression of the track. It is the son that is 
then used to create the actual CD. 

8 After being separated from the mother, 
the metal son is rinsed, dried, polished 
and put in a punching machine that cuts out 
the center hole and forms the desired outside 
diameter. 

Replication 

9 The metal son is then put into a hollow 
cavity—a die—of the proper disc shape 
in an injection molding machine. Molten 
polycarbonate plastic is then poured into this 
die to form around the metal son. Once 
cooled, the plastic is shaped like the son, 
with the pits and grooves—once again in a 
positive impression of the original disc mas¬ 
ter track—formed into one side. 

The center hole is then punched out of 
plastic disc, which is transparent at 
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A finished compact disc contains a 
series of tracks or indentations 
called "lands" and "pits." A CD 
player uses a laser beam to read 
these layers and convert the reflec¬ 
tion first into an electrical signal and 
then into music. 


this stage. Next, the disc is scanned for flaws 
such as water bubbles, dust particles, and 
warps. If a flaw is found, the disc must be 
discarded. 

If the disc meets the quality standards, 
it is then coated with an extremely thin, 
reflective layer of aluminum. The coating is 
applied using vacuum deposition. In this 
process, aluminum is put into a vacuum 
chamber and heated to the point of evapora¬ 
tion, which allows it to be applied evenly to 
the plastic disc. 

Finally, a clear acrylic plastic is 
applied to the disc to help protect the 
underlying layers from physical damage such 
as scratches. After the label is printed, gener¬ 
ally using a silk-screening process, the com¬ 
pact disc is complete and ready for 
packaging and shipment. 

Quality Control 

A compact disc is a very precise and accurate 
device. The microscopic size of the data does 
not allow for any errors in the manufacturing 
process. The smallest of dust particles can 
render a disc unreadable. 

The first quality control concern is to ensure 
that the clean room environment is properly 
monitored, with controlled temperature, 
humidity, and filtering systems. Beyond that, 
quality control checkpoints are built into the 
manufacturing process. The disc master, for 
instance, is inspected for smoothness and its 
photoresist surface for proper thickness by 
means of laser equipment. At later stages in 


the process, such as before and after the alu¬ 
minum coating is deposited and after the pro¬ 
tective acrylic coating is applied, the disc is 
checked automatically for warps, bubbles, 
dust particles, and encoding errors on the spi¬ 
ral track. This mechanical checking is com¬ 
bined with human inspection using polarized 
light, which allows the human eye to spot 
defective pits in the track. 

In addition to checking the discs, the equip¬ 
ment used to manufacture them must be care¬ 
fully maintained. The laser cutting machine, 
for instance, must be very stable, because 
any vibration would make proper cutting 
impossible. If strict quality control is not 
maintained, the rejection rate of CDs can be 
very high. 

The Future 

The massive storage capabilities, accuracy of 
data, and relative immunity from wear and 
tear will continue to make compact discs a 
popular medium for music and video appli¬ 
cations. The hottest new product stirring 
public interest is CD-Interactive or CD-I, a 
multimedia system that allows users to inter¬ 
act with computers and television. 

Manufacturing techniques will continue to be 
streamlined and improved, requiring smaller 
facilities and less human intervention in the 
process and resulting in lower CD rejection 
rates. Already in the first decade of CD manu¬ 
facture, the manufacturing and quality control 
processes have become almost completely 
automated. 
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Pohlmann, Ken C. The Compact Disk 
Handbook, 2nd ed., A-R Editions, 1992. 


Where To Learn More 

Books 

Brewer, Bryan. The Compact Disc Book: A 
Complete Guide to the Digital Sound of the 
Future. Harcourt Brace, 1987. 

Nakajima, H. Compact Disc Technology. 
IOS Press, 1991. 

Pohlmann, Ken C. Principles of Digital 
Audio. 1985. 


Periodicals 

Bernard, Josef. “Compact Discs—Bit by 
Bit,” Radio-Electronics. August, 1986, p. 62. 

Birchall, Steve. “The Magic of CD 
Manufacturing,” Stereo Review. October, 
1986, p. 67. 

—Rashid Riaz 
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Background 

A compact disc, also popularly known sim¬ 
ply as a CD, is an optical storage medium 
with digital data recorded on its surface. A 
compact disc player is a device that reads the 
recorded data by means of an optical beam 
and accurately reproduces the original infor¬ 
mation (music, pictures, or data). Because 
the player reads the information by optical 
means, there is no physical wear and tear on 
the disc. The basic technology used in all 
compact disc players is essentially the same, 
whether the player is designed for audio, 
video, or computer applications. This article 
will focus on players designed for audio 
(specifically, home audio) applications. 

The history of the compact disc system can 
be traced back to the early 1970s, when rapid 
advancement in digital electronics, laser 
optics, and large scale integration (LSI) tech¬ 
nologies took place. Many companies started 
exploring the possibility of storing audio sig¬ 
nals in optical form using digital rather than 
analog means. A practical method of modu¬ 
lating the audio signals was found using the¬ 
ories published in 1948 by a scientist named 
Claude E. Shannon. This method, known as 
Pulse Code Modulation (PCM), samples 
audio signals during a short time interval and 
then converts the samples into numerical val¬ 
ues for storage in digital format. 

The storage of audio in digital format 
(known as audio encoding) requires large 
amounts of data. For example, storing one 
second of audio information requires one 
million bits of data. Optical discs capable of 
storing billions of bits of data in a very small 
area were found ideal for such applications. 
An optical disc can store up to one million 
bits of data on an area as small as a pinhead. 


Once the technologies for recording and stor¬ 
ing digital audio were found, manufacturers 
started looking for ways to read and process 
the data stored in such a small area. 
Experiments with laser devices (a laser emits 
a very narrow beam of light capable of focus¬ 
ing on a very small area) proved quite suc¬ 
cessful. The development of LSI techniques 
meant that the huge amount of data stored on 
the disc could be processed fast enough to 
provide continuous music. The stage was 
now set for the development of a complete 
compact disc system. 

Although many companies participated in 
early research and experimentation with the 
various technologies involved in a compact 
disc system, two companies—Sony of Japan 
and Philips of the Netherlands—are credited 
with successfully merging these technologies 
into a complete system.The two companies 
collaborated to develop specific standards for 
the compact disc system, and a consortium of 
35 manufacturers agreed to adopt these stan¬ 
dards in 1981. The first compact disc players 
were introduced in the European and 
Japanese markets in late 1982 and in the 
United States in early 1983. 

Raw Materials 

A compact disc player is a very sophisticated 
piece of electronic equipment. The simple 
exterior contains complex interior mecha¬ 
nisms to read and process audio signals into 
very clear and crisp music. The various com¬ 
ponents include a housing cabinet, an optical 
pick-up assembly, and printed circuit boards 
(PCBs), which contain microchips that direct 
the electronic processes of the system. 

The cabinet that houses the maze of compo¬ 
nents is usually made of light, reinforced alu- 


Like a record on a 
phonograph, the compact 
disc is rotated on a 
turntable, and the audio is 
read by a pick-up device. 
However, unlike a record 
player, the pick-up device 
in a CD player is not a 
mechanical stylus (a 
needle) but an optical 
laser beam that does not 
come into physical contact 
with the compact disc. 
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minum. The laser is a small glass tube filled 
with gas and a small power supply to gener¬ 
ate a laser beam, while the photodiode—a 
semiconducting part that the light that is 
reflected from the compact disc into an elec¬ 
trical signal—is generally made of silicon or 
germanium. The lenses and mirrors in the 
optical pick-up are made of highly polished 
glass or plastic. This assembly is housed in 
its own plastic enclosure. The majority of 
the electronic components—resistors, tran¬ 
sistors, and capacitors—are contained on 
microchips attached to PCBs. The base mate¬ 
rial of these components is usually silicon. 
The hardware that connects the various sub- 
assemblies together consists of a variety of 
metal and plastic nuts, screws, washers, pul¬ 
leys, motors, gears, belts, and cables. 

Design 

A compact disc is a 4.75 inch-diameter 
(12.065 centimeters) polycarbonate plastic 
disc containing approximately 74 minutes of 
audio information. Not all the information on 
the disc is music; some of it is used for error 
detection, synchronization, and display pur¬ 
poses. Information on a CD is encoded on a 
spiral track in the form of indentations called 
lands and pits that represent binary highs and 
lows. It is these indentations that the CD 
player’s laser “reads.” 

Conceptually, the design of a CD player 
resembles that of a phonograph (record) 
player. Like a record, the compact disc is 
rotated on a turntable, and the audio is read by 
a pick-up device. However, unlike a record 
player, the motor does not rotate the turntable 
at a constant speed but adjusts it in accordance 
with the distance of the pick-up from the cen¬ 
ter of the turntable. Furthermore, the pick-up 
device in a CD player is not a mechanical sty¬ 
lus (a needle) but an optical laser beam that 
does not come into physical contact with the 
compact disc. This laser focuses its beam on 
the disc track that contains the lands and pits, 
and the CD player’s detector (the photodiode) 
senses the difference between the light 
reflected from the lands and that reflected by 
the pits. The photodiode turns this reflected 
light into an electrical signal. Relayed to the 
electronic circuit board, this signal is then 
converted back to sound. 

There are basically three subassemblies in a 
compact disc player: the disc drive mecha¬ 


nism assembly; the optical pick-up assem¬ 
bly; and the electronic circuit board assem¬ 
bly, which coordinates the other systems 
inside the player and which includes the 
servo mechanism and data decoding cir¬ 
cuitry. By sending signals to the servo 
mechanism, the circuit board adjusts the 
motor speed, focusing, and tracking of the 
optical pick-up; manages the flow of data to 
the decoding circuitry; and provides display 
information in response to the various but¬ 
tons on the control panel. 

The disc drive mechanism consists of a spin¬ 
dle that holds the CD and a motor that rotates 
it. The motor, called the spindle motor , is 
mounted underneath the plastic disc loading 
tray or turntable. A separate motor mounted 
on the chassis (the base or frame of the CD 
player) moves the loading tray in and out of 
the player; this is done by means of a gear 
that is attached to the motor and that also 
operates a larger gear to raise and lower a 
clamp for holding the disc in place. 

The optical pick-up consists of a laser, a pho¬ 
todiode, and various lenses and mirrors. The 
entire subassembly slides back and forth on 
rails and is controlled by the servo mecha¬ 
nism that receives directing signals from the 
circuit board. The optical pick-up is usually 
located underneath the clamp that positions 
the disc, while the motor that moves the 
assembly is mounted on the chassis close to 
the rails. The mechanism works by directing 
a laser beam through lenses and mirrors onto 
the underside of the compact disc. The lenses 
and mirrors keep the beam properly focused. 
If the beam hits a pit on the disc, no light is 
reflected and the photodiode remains disen¬ 
gaged. If the beam hits a land, light is 
reflected back through the lenses and mirrors 
onto the photodiode, which then generates an 
electrical signal. This signal is transferred to 
the electronic circuit board assembly, where 
it is converted by the data decoding system 
into audio signals for playback. 

The electronic circuit board assembly con¬ 
sists of printed circuit boards that contain the 
circuitry for the servo mechanism, which 
operates the optical pick-up system, data 
decoding, and control system. There are 
many integrated circuits chips, microproces¬ 
sors, and large scale integrated components 
on the board assembly. 
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The Manufacturing 
Process 

In today’s manufacturing environment there 
is no single method of manufacture and 
assembly. Products are increasingly made as 
subassemblies and brought together as larger 
subassemblies or as the final product. 
Robotics and computer run lines allow for 
virtually any part to be installed in any state 
of the subassembly at any point in the 
process. The sequence can be changed in 
minutes to allow for modifications or quality 
control check points. The manufacturing 
process detailed here, therefore, follows a 
similar approach to the actual manufacturing 
process used in the industry. The process is 
first described in terms of the various sub- 
assemblies and then the description details 


how the various subassemblies are brought 
together to make the final product. 

Optical pick-up subassembly 

1 Purchased from outside contractors, the 
laser and the photodiode are installed 
beneath the disc clamp. The various lenses 
and mirrors in the assembly must be properly 
spaced and aligned so that they can focus and 
direct light as necessary. The whole assem¬ 
bly is then housed in a plastic case. The case 
is made by the one of the usual plastic form¬ 
ing processes such as extrusion or injection 
molding, while the lenses and mirrors (usu¬ 
ally silicon) are cut into the proper shape and 
then finely polished with abrasives. The 
semiconducting photodiode is made by 
preparing and polishing a substance such as 
silicon or germanium and then adding impu- 


A key assembly in a compact disc 
player is tbe optical pick-up assem¬ 
bly. It is situated on rails so that it 
can move back and forth under¬ 
neath the compact disc. It works by 
directing a laser beam at the CD; if 
the laser hits a land, the reflected 
light then travels to the photodiode, 
which generates an electrical sig¬ 
nal. In turn, the signal moves to the 
CD player's circuit board, which 
converts the signal into music. 
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rities to create layers. Electrical contacts are 
then added. After the optical components are 
in position, the gears and belt that will help to 
position the optical pick-up are put in place. 

Disc drive subassembly 

Next, the motor that will move the opti¬ 
cal pick-up is connected to the gears and 
belt and placed on the chassis. The loading 
tray is now centered, and the spindle motor 
that will rotate the disc is installed. After the 
clamp to which the optical pick-up has been 
attached is positioned adjacent to the loading 
tray, the tray, clamp, and pick-up motor are 
installed in the loading drawer, which is 
placed in the CD player’s cabinet. 

Electronic circuit board subassembly 

3 Last to be assembled are the electronic 
components. Designed by engineers 
using computer-aided design (CAD) pack¬ 
ages, the circuit boards consist of a copper- 
clad base that has a pattern transferred onto it 
(masking) through screen printing or a simi¬ 
lar method. After being coated with a photo¬ 
sensitive material, the patterned areas are 
etched away chemically to create a multi-lay¬ 
ered board—the layers comprise the various 
transistors and capacitors that make up the 
circuits. The tiny microchips (usually made 
of silicon) that are mounted on the board are 
made in the same way, except on a much 
smaller scale. Depending on the manufac¬ 
turer, the CD player may have one large cir¬ 
cuit board or several smaller boards. After 
they have been attached to the panel or pan¬ 
els, the circuits are attached to the CD 
player’s front control panel, the switch 
assembly, and finally the power supply. 

Final assembly 

4 Once the various subassemblies are 
ready, they are connected and interfaced 
together to complete the final assembly. 
Most of the work performed at this stage is 
done by human workers. The CD player is 
now tested and sent for packaging. 

Qualify Control 

As previously noted, a compact disc player is 
a very sophisticated device, and strict quality 
control measures are adopted from the initial 
to the final stage of the manufacture to 
ensure the proper functioning of the player in 
accordance with industry standards. 


Because so many of the components in a com¬ 
pact disc player are made by specialized ven¬ 
dors, the player manufacturer must depend on 
these vendors to produce quality parts. Some 
of the most crucial elements are those in the 
optical pick-up assembly. The lenses and mir¬ 
rors used in the laser pick-up, for instance, are 
made of high quality glass, and human contact 
must be avoided during the manufacturing 
process to keep their surfaces clean and 
smudge free. Similarly, the electronic circuit 
components must be made in a “clean room” 
environment (containing special air filters as 
well as clothing requirements), because even a 
single dust particle can cause malfunctioning 
in the circuitry. The circuit boards and chips 
are tested at many levels by diagnostic 
machines to pinpoint faults in the circuits. 

As for quality control by the player manufac¬ 
turer, the disc drive assembly is inspected for 
proper alignment of the motor, spindle, load¬ 
ing tray, and the various gears. In addition, 
the optical pick-up is checked for proper 
alignment of lenses and the laser beam. Once 
the subassemblies are tied together in the 
cabinet, all wiring connections are inspected 
for proper electrical contact and correct inter¬ 
face with the other components. Visual 
inspections to check belts, pulleys, and gears 
are an integral part of the quality control 
process. The final inspection consists of 
playing a test disc that generates special sig¬ 
nals and patterns, enabling workers to track 
down faults in the system. In addition, the 
various front panel switches and buttons are 
checked to ensure that they perform the func¬ 
tions indicated and display the appropriate 
information on the panel. 

The Future 

The CD system technology has come a long 
way in the last few years, and new applica¬ 
tions for compact disc systems are being dis¬ 
covered every day. The market has already 
seen the introduction of CD-ROMs, CD- 
Videos and CD-Interactive. The latest prod¬ 
uct to attract consumer attention is Kodak’s 
Photo-CD, which can display photographs 
on television and computer screens. These 
pictures can be edited or cropped by the user, 
just like clip art images. 

Audio CD systems will see the introduction of 
many new features in the coming years. 
Players featuring advanced remote control 
functions are now in the development stage. 
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These functions will allow the user to display 
information on the remote control unit itself, 
such as song titles, artist names, and the actual 
lyrics of the songs. Compact discs capable of 
both recording and playback, like a cassette 
tape, are also in the works. The CD’s vast stor¬ 
age capabilities also lend itself to many broad- 
based multimedia applications, and it is quite 
possible that compact discs will become the 
common medium of data exchange for all 
audio, video, and computer applications. 

Where To Learn More 

Books 

Brewer, Bryan and Ed Key. The Compact 
Disc Book. 1987. 

Davidson, Homer L. Troubleshooting and 
Repairing the Compact Disc Player. 1989. 


Pohlman, Ken. Principles of Digital Audio. 
1985. 

Schetina, Erik. The Compact Disc. 1989. 

Williams, Gene B. Compact Disk Players. 
TAB Books, 1992. 

Periodicals 

Matzkin, Jonathan, Rock Miller, Gayle C. 
Ehrenman, et al. “CD-ROM Drives: Finally 
Up to Speed,” PC Magazine. October 29, 
1991, p. 283. 

Ranada, David. “Loose Bits,” High Fidelity. 
March, 1986, p. 22. 

Shah, Prasanna. “Music of the Bitstream,” 
Audio. January, 1991, p. 56. 

—Rashid Riaz 


The housing for a CD player 
includes a top cover or "bonnet" 
and a front control panel. The com¬ 
pact disc rests on a loading tray that 
slides in and out of the player. 
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Although people 
commonly use the word 
"cement" as a synonym for 
concrete, the terms in fact 
denote different 
substances: cement, which 
encompasses a wide 
variety of fine-ground 
powders that harden when 
mixed with water, 
represents only one of 
several components in 
modern concrete. 


Background 

Concrete is a hardened building material cre¬ 
ated by combining a chemically inert mineral 
aggregate (usually sand, gravel, or crushed 
stone), a binder (natural or synthetic cement), 
chemical additives, and water. Although 
people commonly use the word “cement” as 
a synonym for concrete, the terms in fact 
denote different substances: cement, which 
encompasses a wide variety of fine-ground 
powders that harden when mixed with water, 
represents only one of several components in 
modern concrete. As concrete dries, it 
acquires a stone-like consistency that renders 
it ideal for constructing roads, bridges, water 
supply and sewage systems, factories, air¬ 
ports, railroads, waterways, mass transit sys¬ 
tems, and other structures that comprise a 
substantial portion of the U.S. wealth. 
According to the National Institute of 
Standards and Technology (NIST), building 
such facilities is in itself one of the nation’s 
largest industries and represents about 10 
percent of the gross national product. Over 
$4 billion worth of hydraulic cement, a vari¬ 
ety which hardens under water, is produced 
annually in the United States for use in $20 
billion worth of concrete construction. The 
value of all cement-based structures in the 
United States is in the trillions of dollars— 
roughly commensurate with the anticipated 
cost of repairing those structures over the 
next twenty years. 

The words cement and concrete are both of 
Latin origin, reflecting the likelihood that the 
ancient Romans were the first to use the sub¬ 
stances. Many examples of Roman concrete 
construction remain in the countries that 
encircle the Mediterranean, where Roman 
builders had access to numerous natural 


cement deposits. Natural cement consists 
mainly of lime, derived from limestone and 
often combined with volcanic ash. It formed 
the basis of most civil engineering until the 
eighteenth century, when the first synthetic 
cements were developed. 

The earliest manmade cement, called 
hydraulic lime, was developed in 1756, when 
an English engineer named John Smeaton 
needed a strong material to rebuild the 
Eddystone lighthouse off the coast of Devon. 
Although the Romans had used hydraulic 
cement, the formula was lost from the col¬ 
lapse of their empire in the fifth century a.d. 
until Smeaton reinvented it. During the early 
nineteenth century several other Englishmen 
contributed to the refinement of synthetic 
cement, most notably Joseph Aspdin and 
Isaac Charles Johnson. In 1824 Aspdin took 
out a patent on a synthetic blend of limestone 
and clay which he called Portland cement 
because it resembled limestone quarried on 
the English Isle of Portland. However, 
Aspdin’s product was not as strong as that 
produced in 1850 by Johnson, whose formula 
served as the basis of the Portland cement that 
is still widely used today. Concrete made 
with Portland cement is considered superior 
to that made with natural cement because it is 
stronger, more durable, and of more consis¬ 
tent quality. According to the American 
Society of Testing of Materials (ASTM), 
Portland cement is made by mixing calcare¬ 
ous (consisting mostly of calcium carbonate) 
material such as limestone with silica-, alu¬ 
mina-, and iron oxide-containing materials. 
These substances are then burned until they 
fuse together, and the resulting admixture, or 
clinker, is ground to form Portland cement. 

Although Portland cement quickly displaced 
natural cement in Europe, concrete technol- 
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ogy in the United States lagged considerably 
behind. In America, natural cement rock was 
first discovered during the early 1800s, when 
it was used to build the Erie Canal. The con¬ 
struction of such inland waterways led to the 
establishment of a number of American com¬ 
panies producing natural cement. However, 
because of Portland cement’s greater 
strength, many construction engineers pre¬ 
ferred to order it from Europe, despite the 
additional time and expense involved. 
Thomas Edison was very interested in 
Portland cement and even cast phonograph 
cabinets of the material. When United States 
industry figured out how to make Portland 
cement during the early 1870s, the produc¬ 
tion of natural cement in America began to 
decline. 

After the refinement of Portland cement, the 
next major innovation in concrete technol¬ 
ogy occurred during the late nineteenth cen¬ 
tury, when reinforced concrete was invented. 
While concrete easily resists compression, it 
does not tolerate tension well, and this weak¬ 
ness meant that it could not be used to build 
structures—like bridges or buildings with 
arches—that would be subject to bending 
action. French and English engineers first 
rectified this deficiency during the 1850s by 
embedding steel bars in those portions of a 
concrete structure subject to tensile stress. 
Although the concrete itself is not strength¬ 
ened, structures built of reinforced concrete 
can better withstand bending, and the tech¬ 
nique was used internationally by the early 
twentieth century. 

Another form of strengthened concrete, pre¬ 
stressed concrete, was issued a U.S. patent in 
1888. However, it was not widely used until 
World War II, when several large docks and 
bridges that utilized it were constructed. 
Rather than reinforcing a highly stressed por¬ 
tion of a concrete structure with steel, engi¬ 
neers could now compress a section of 
concrete before they subjected it to stress, 
thereby increasing its ability to withstand 
tension. 

Today, different types of concrete are cate¬ 
gorized according to their method of installa¬ 
tion. Ready- or pre-mixed concrete is 
batched and mixed at a central plant before it 
is delivered to a site. Because this type of 
concrete is sometimes transported in an agi¬ 


tator truck, it is also known as transit-mixed 
concrete. Shrink-mixed concrete is partially 
mixed at the central plant, and its mixing is 
then completed en route to the site. 

Raw Materials 

Structural concrete normally contains one 
part cement to two parts fine mineral aggre¬ 
gate to four parts coarse mineral aggregate, 
though these proportions are often varied to 
achieve the strength and flexibility required 
in a particular setting. In addition, concrete 
contains a wide range of chemicals that 
imbue it with the characteristics desired for 
specific applications. Portland cement, the 
kind most often used in concrete, is made 
from a combination of a calcareous material 
(usually limestone) and of silica and alumina 
found as clay or shale. In lesser amounts, it 
can also contain iron oxide and magnesia. 
Aggregates, which comprise 75 percent of 
concrete by volume, improve the formation 
and flow of cement paste and enhance the 
structural performance of concrete. Fine 
grade comprises particles up to .20 of an inch 
(five millimeters) in size, while coarse grade 
includes particles from .20 to .79 of an inch 
(20 millimeters). For massive construction, 
aggregate particle size can exceed 1.50 
inches (38 millimeters). 

Aggregates can also be classified according 
to the type of rock they consist of: basalt, 
flint, and granite, among others. Another 
type of aggregate is pozzolana, a siliceous 
and aluminous material often derived from 
volcanic ash. Reacting chemically with 
limestone and moisture, it forms the calcium 
silicate hydrates that are the basis of cement. 
Pozzolana is commonly added to Portland 
cement paste to enhance its densification. 
One type of volcanic mineral, an aluminum 
silicate, has been combined with siliceous 
minerals to form a composite that reduces 
weight and improves bonding between con¬ 
crete and steel surfaces. Its applications have 
included precast concrete shapes and 
asphalt/concrete pavement for highways. Fly 
ash, a coal-burning power plant byproduct 
that contains an aluminosilicate and small 
amounts of lime, is also being tested as a pos¬ 
sible pozzolanic material for cement. 
Combining fly ash with lime (CaO) in a 
hydrothermal process (one that uses hot 
water under pressure) also produces cement. 
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A wide range of chemicals are added to 
cement to act as plasticizers, superplasticizers, 
accelerators, dispersants, and water-reducing 
agents. Called admixtures, these additives can 
be used to increase the workability of a 
cement mixture still in the nonset state, the 
strength of cement after application, and the 
material’s water tightness. Further, they can 
decrease the amount of water necessary to 
obtain workability and the amount of cement 
needed to create strong concrete. Accel¬ 
erators, which reduce setting time, include 
calcium chloride or aluminum sulfate and 
other acidic materials. Plasticizing or super- 
plasticizing agents increase the fluidity of the 
fresh cement mix with the same water/cement 
ratio, thereby improving the workability of the 
mix as well as its ease of placement. Typical 
plasticizers include polycarboxylic acid mate¬ 
rials; superplasticizers are sulphanated 
melamine formaldehyde or sulphanated naph¬ 
thalene formaldehyde condensates. Set- 
retarders, another type of admixture, are used 
to delay the setting of concrete. These include 
soluble zinc salts, soluble borates, and carbo- 
hydrate-based materials. Gas forming admix¬ 
tures, powdered zinc or aluminum in 
combination with calcium hydroxide or 
hydrogen peroxide, are used to form aerated 
concrete by generating hydrogen or oxygen 
bubbles that become entrapped in the cement 
mix. 

Cement is considered a brittle material; in 
other words, it fractures easily. Thus, many 
additives have been developed to increase the 
tensile strength of concrete. One way is to 
combine polymeric materials such as poly¬ 
vinyl alcohol, polyacrylamide, or hydrox- 
ypropyl methyl cellulose with the cement, 
producing what is sometimes known as 
macro-defect-free cement. Another method 
entails adding fibers made of stainless steel, 
glass, or carbon. These fibers can be short, in 
a strand, sheet, non-woven fabric or woven 
fabric form. Typically, such fiber represents 
only about one percent of the volume of fiber- 
reinforced concrete. 

The Manufacturing 
Process 

The manufacture of concrete is fairly simple. 
First, the cement (usually Portland cement) is 
prepared. Next, the other ingredients— 
aggregates (such as sand or gravel), admix¬ 
tures (chemical additives), any necessary 


fibers, and water—are mixed together with 
the cement to form concrete. The concrete is 
then shipped to the work site and placed, 
compacted, and cured. 

Preparing Portland cement 

I The limestone, silica, and alumina that 
make up Portland cement are dry ground 
into a very fine powder, mixed together in 
predetermined proportions, preheated, and 
calcined (heated to a high temperature that 
will bum off impurities without fusing the 
ingredients). Next the material is burned in a 
large rotary kiln at 2,550 degrees Fahrenheit 
(1,400 degrees Celsius). At this temperature, 
the material partially fuses into a substance 
known as clinker. A modem kiln can pro¬ 
duce as much as 6,200 tons of clinker a day. 

2 The clinker is then cooled and ground to 
a fine powder in a tube or ball mill. A ball 
mill is a rotating drum filled with steel balls 
of different sizes (depending on the desired 
fineness of the cement) that crush and grind 
the clinker. Gypsum is added during the 
grinding process. The final composition con¬ 
sists of several compounds: tricalcium sili¬ 
cate, dicalcium silicate, tricalcium aluminate, 
and tetracalcium aluminoferrite. 

Mixing 

3 The cement is then mixed with the other 
ingredients: aggregates (sand, gravel, or 
crushed stone), admixtures, fibers, and water. 
Aggregates are pre-blended or added at the 
ready-mix concrete plant under normal oper¬ 
ating conditions. The mixing operation uses 
rotation or stirring to coat the surface of the 
aggregate with cement paste and to blend the 
other ingredients uniformly. A variety of 
batch or continuous mixers are used. 

Fibers, if desired, can be added by a vari¬ 
ety of methods including direct spraying, 
premixing, impregnating, or hand laying-up. 
Silica fume is often used as a dispersing or 
densifying agent. 

Transport to work site 

Once the concrete mixture is ready, it is 
transported to the work site. There are 
many methods of transporting concrete, 
including wheelbarrows, buckets, belt con- 
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The first step in making concrete is to 
prepare the cement. One type of 
cement, Portland cement, is consid¬ 
ered superior to natural cement 
because it is stronger, more durable, 
and of a more consistent quality. 

To make it, the raw materials are 
crushed and ground into a fine 
powder and mixed together. Next, 
the material undergoes two heating 
steps—calcining and burning. In 
calcining, the materials are heated 
to a high temperature but do not 
fuse together. In burning, however, 
the materials partially fuse together, 
forming a substance known as 
"clinker." The clinker is then ground 
in a ball mill—a rotating steel drum 
filled with steel balls that pulverize 
the material. 
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After the Portland cement is pre¬ 
pared, it is mixed with aggregates 
such as sand or gravel, admixtures, 
fibers, and water. Next, it is trans- 
fered to the work site and placed. 
During placing, segregation of the 
various ingredients must be avoided 
so that full compaction—elimination 
of air bubbles—can be achieved. 




PLACING 


MIXING 

Admixtures 


Sand 


Water 


veyors, special trucks, and pumping. 
Pumping transports large quantities of con¬ 
crete over large distances through pipelines 
using a system consisting of a hopper, a 
pump, and the pipes. Pumps come in several 
types—the horizontal piston pump with 
semi-rotary valves and small portable pumps 
called squeeze pumps. A vacuum provides a 
continuous flow of concrete, with two rotat¬ 
ing rollers squeezing a flexible pipe to move 
the concrete into the delivery pipe. 

Placing and compacting 

6 Once at the site, the concrete must be 
placed and compacted. These two opera¬ 
tions are performed almost simultaneously. 
Placing must be done so that segregation of 
the various ingredients is avoided and full 
compaction—with all air bubbles elimi¬ 
nated— can be achieved. Whether chutes or 
buggies are used, position is important in 
achieving these goals. The rates of placing 
and of compaction should be equal; the latter 
is usually accomplished using internal or 
external vibrators. An internal vibrator uses 
a poker housing a motor-driven shaft. When 
the poker is inserted into the concrete, con¬ 
trolled vibration occurs to compact the con¬ 
crete. External vibrators are used for precast 
or thin in situ sections having a shape or 
thickness unsuitable for internal vibrators. 
These type of vibrators are rigidly clamped 
to the formwork, which rests on an elastic 
support. Both the form and the concrete are 
vibrated. Vibrating tables are also used, 
where a table produces vertical vibration by 
using two shafts rotating in opposite direc¬ 
tions. 


Curing 

7 Once it is placed and compacted, the 
concrete must cured before it is finished 
to make sure that it doesn’t dry too quickly. 
Concrete’s strength is influenced by its mois¬ 
ture level during the hardening process: as 
the cement solidifies, the concrete shrinks. If 
site constraints prevent the concrete from 
contracting, tensile stresses will develop, 
weakening the concrete. To minimize this 
problem, concrete must be kept damp during 
the several days it requires to set and harden. 

Quality Control 

Concrete manufacturers expect their raw 
material suppliers to supply a consistent, uni¬ 
form product. At the cement production fac¬ 
tory, the proportions of the various raw 
materials that go into cement must be 
checked to achieve a consistent kiln feed, 
and samples of the mix are frequently exam¬ 
ined using X-ray fluorescence analysis. 

The strength of concrete is probably the most 
important property that must be tested to 
comply with specifications. To achieve the 
desired strength, workers must carefully con¬ 
trol the manufacturing process, which they 
normally do by using statistical process con¬ 
trol. The American Standard of Testing 
Materials and other organizations have 
developed a variety of methods for testing 
strength. Quality control charts are widely 
used by the suppliers of ready-mixed con¬ 
crete and by the engineer on site to continu¬ 
ally assess the strength of concrete. Other 
properties important for compliance include 
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cement content, water/cement ratio, and 
workability, and standard test methods have 
been developed for these as well. 

The Future 

Though the United States led the world in 
improving cement technology from the 
1930s to the 1960s, Europe and Japan have 
since moved ahead with new products, 
research, and development. In an effort to 
restore American leadership. The National 
Science Foundation has established a Center 
for Science and Technology of Advanced 
Cement-Based Materials at Northwestern 
University. The ACBM center will develop 
the science necessary to create new cement- 
based materials with improved properties. 
These will be used in new construction as 
well as in restoration and repair of highways, 
bridges, power plants, and waste-disposal 
systems. 

The deterioration of the U.S. infrastructure 
has shifted the highway industry’s emphasis 
from building new roads and bridges to 
maintaining and replacing existing struc¬ 
tures. Because better techniques and materi¬ 
als are needed to reduce costs, the Strategic 
Highway Research Program (SHRP), a 5- 
year $150 million research program, was 
established in 1987. The targeted areas were 
asphalt, pavement performance, concrete 
structures, and highway operations. 

The Center for Building Technology at NIST 
is also conducting research to improve con¬ 
crete performance. The projects include sev¬ 
eral that are developing new methods of field 
testing concrete. Other projects involve 
computer modeling of properties and models 
for predicting service life. In addition, sev¬ 
eral expert systems have been developed for 
designing concrete mixtures and for diagnos¬ 
ing causes of concrete deterioration. 

Another cement industry trend is the concen¬ 
tration of manufacturing in a smaller number 


of larger-capacity production systems. This 
has been achieved either by replacing several 
older production lines with a single, high- 
capacity line or by upgrading and moderniz¬ 
ing an existing line for a higher production 
yield. Automation will continue to play an 
important role in achieving these increased 
yields. The use of waste byproducts as raw 
materials will continue as well. 

Where To Learn More 

Books 

American Concrete Institute. Cement and 
Concrete Terminology. 1967. 

Mindess, S. Advances in Cementitious 
Materials. The American Ceramic Society, 
1991. Vol. 16: Ceramic Transactions. 

Neville, A. M. and J. J. Brooks. Concrete 
Technology. John Wiley & Sons, Inc., 1987. 

Skalny, Jan P. Materials Science of Concrete 
I. The American Ceramic Society, 1989. 

Skalny, J. and S. Mindess. Materials Science 
of Concrete II. The American Ceramic 
Society, 1991. 

Periodicals 

Holterhoff, A. “Implementing SPC in the 
Manufacture of Calcium Aluminate 
Cements.” Ceramic Bulletin, 1991. 

Jiang, W. and D. Roy. “Hydrothermal Pro¬ 
cessing of New Fly Ash Cement.” Ceramic 
Bulletin, 1992. 

Sheppard, L. “Cement Renovations Improve 
Concrete Durability.” Ceramic Bulletin, 
1991. 

— L. S. Millberg 
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Cooking Oil 


The very earliest methods 
of pressing the vegetable 
matter probably obtained, 
at best, 10 percent of the 
oil available. On the 
other hand, more modern 
methods involving solvent 
extraction can extract 
all but .5 to 2 percent of 
the oil. 


Background 

Cooking oil consists of edible vegetable oils 
derived from olives, peanuts, and safflowers, 
to name just a few of the many plants that are 
used. Liquid at room temperature, cooking 
oils are sometimes added during the prepara¬ 
tion of processed foods. They are also used 
to fry foods and to make salad dressing. 

People in many regions began to process 
vegetable oils thousands of years ago, utiliz¬ 
ing whatever food stuffs they had on hand to 
obtain oils for a variety of cooking purposes. 
Early peoples learned to use the sun, a fire, or 
an oven to heat oily plant products until the 
plants exuded oil that could then be col¬ 
lected. The Chinese and Japanese produced 
soy oil as early as 2000 B.c., while southern 
Europeans had begun to produce olive oil by 
3000 b.c. In Mexico and North America, 
peanuts and sunflower seeds were roasted 
and beaten into a paste before being boiled in 
water; the oil that rose to the surface was 
then skimmed off. Africans also grated and 
beat palm kernels and coconut meat and then 
boiled the resulting pulp, skimming the hot 
oil off the water. Some oils have become 
available only recently, as extraction tech¬ 
nology has improved. Com oil first became 
available in the 1960s. Cotton oil, water¬ 
melon seed oil, grapeseed oil, and others are 
now being considered as ways to make use of 
seeds that were, until recently, considered 
waste. 

The first efforts to increase output were under¬ 
taken independently in China, Egypt, Greece, 
and Rome, among other places. Using a 
spherical or conical stone mortar and pestle, 
vertical or horizontal millstones, or simply 
their feet, people began to crush vegetable 


matter to increase its available surface area. 
The ground material would subsequently be 
placed in sieves such as shallow, flat wicker 
baskets that were stacked, sometimes as many 
as 50 high. The matter was then pressed using 
lever or wedge presses. The Greeks and 
Romans improved this process by introducing 
edge runners to grind and a winch or screw to 
operate a lever press. Their method was used 
throughout the Middle Ages. 

Refinements of this approach included a 
stamper press that was invented in Holland in 
the 1600s and used until the 1800s to extract 
oil, a roll mill invented by English engineer 
John Smeaton in 1750 to crush vegetable 
matter more efficiently, and the hydraulic 
press, invented by Joseph Bramah in 
England. The first improved screw press 
was invented by V. D. Anderson in the 
United States in 1876. His Expeller (a trade 
name) continuously operated a cage press. 
When vegetable matter was placed in 
Anderson’s closed press, the resultant oil 
drained out of slots in the side. A screw 
increased the pressure through the cage 
toward a restricted opening. 

Enhancements in grinding and pressing plant 
matter were followed by improvements in 
extracting the oil. In 1856, Deiss of England 
obtained the first patent for extraction of oil 
using solvents, following experiments by 
Jesse Fisher in 1843. At first, solvents such 
as benzene were pumped through the mater¬ 
ial and drained through false perforated bot¬ 
toms. Later, Bollman and Hildebrandt of 
Germany independently developed continu¬ 
ous systems that sprayed the material with 
solvent. Both methods were eventually 
improved, and today solvent extraction is 
standard in the vegetable oil industry. 
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Over time extracting vegetable oils has 
become more and more efficient. The very 
earliest methods of pressing the vegetable 
matter probably obtained, at best, 10 percent 
of the oil available. On the other hand, more 
modem methods involving solvent extraction 
can extract all but .5 to 2 percent of the oil. 

Raw Materials 

The average bottle of cooking oil contains 
vegetable oil, with no additives, preserva¬ 
tives, or special flavorings. The oil comes 
from various parts of plants, in most cases 
from what are commonly called seeds 
(including sunflower, palm kernel, safflower, 
cotton, sesame, and grapeseed oils) or nuts 
(including peanut, soybean, almond, and 
walnut oils). A few special cases involve 
merely squeezing the oil from the flesh of the 
fruit of the plant. For example, coconut oil 
comes from the coconut’s white meat, palm 
oil from the pulp of the palm fruit, and olive 
oil from the flesh of fresh olives. Atypically, 
com oil is derived from the germ (embryo) of 
the kernel. 

The Manufacturing 
Process 

Some vegetable oils, such as olive, peanut, 
and some coconut and sunflower oils, are 


cold-pressed. This method, which entails 
minimal processing, produces a light, flavor¬ 
ful oil suitable for some cooking needs. 
Most oil sources, however, are not suitable 
for cold pressing, because it would leave 
many undesirable trace elements in the oil, 
causing it to be odiferous, bitter tasting, or 
dark. These oils undergo many steps beyond 
mere extraction to produce a bland, clear, 
and consistent oil. 

Cleaning and grinding 

1 Incoming oil seeds are passed over mag¬ 
nets to remove any trace metal before 
being dehulled, deskinned, or otherwise 
stripped of all extraneous material. In the 
case of cotton, the ginned seeds must be 
stripped of their lint as well as dehulled. In 
the case of corn, the kernel must undergo 
milling to separate the germ. 

2 The stripped seeds or nuts are then 
ground into coarse meal to provide more 
surface area to be pressed. Mechanized 
grooved rollers or hammer mills crush the 
material to the proper consistency. The meal 
is then heated to facilitate the extraction of 
the oil. While the procedure allows more oil 
to be pressed out, more impurities are also 
pressed out with the oil, and these must be 
removed before the oil can be deemed edible. 


Cooking oil manufacture involves 
cleaning the seeds, grinding them, 
pressing, and extracting the oil from 
them. In extracting, a volatile hydro¬ 
carbon such as hexane is used as a 
solvent. 

After extracting, the oil is refined, 
mixed with an alkaline substance, 
and washed in a centrifuge. Further 
washing and refining follows, and 
then the oil is filtered and/or dis¬ 
tilled. It is then ready for packaging. 
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Pressing 

3 The heated meal is then fed continuously 
into a screw press, which increases the 
pressure progressively as the meal passes 
through a slotted barrel. Pressure generally 
increases from 68,950 to 20,6850 kilopascals 
as the oil is squeezed out from the slots in the 
barrel, where it can be recovered. 

Extracting additional oil v/ith solvents 

4 Soybeans are usually not pressed at all 
before solvent extraction, because they 
have relatively little oil, but most oil seeds 
with more oil are pressed and solvent- 
treated. After the initial oil has been recov¬ 
ered from the screw press, the oil cake 
remaining in the press is processed by sol¬ 
vent extraction to attain the maximum yield. 
A volatile hydrocarbon (most commonly 
hexane) dissolves the oil out of the oil cake, 
which is then recovered by distilling the light 
solvent out. The Blaw-Knox Rotocell is 
used to meet the demands of the United 
States soybean oil industry. In using this 
machine, flakes of meal are sent through 
wedge-shaped cells of a cylindrical vessel. 
The solvent then passes through the matter 
to be collected at the bottom. Also still in use 
by a significant number of manufacturers is 
the Bollman or Hansa-Muhle unit, in which 
oilseed flakes are placed in perforated bas¬ 
kets that circulate continuously. The solvent 
percolates through the matter which is peri¬ 
odically dumped and replaced. 

Removing solvent traces 

Ninety percent of the solvent remaining 
in the extracted oil simply evaporates, 
and, as it does, it is collected for reuse. The 
rest is retrieved with the use of a stripping 
column. The oil is boiled by steam, and the 
lighter hexane floats upward. As it con¬ 
denses, it, too, is collected. 

Refining the oil 

6 The oil is next refined to remove color, 
odor, and bitterness. Refining consists of 
heating the oil to between 107 and 188 
degrees Fahrenheit (40 and 85 degrees 
Celsius) and mixing an alkaline substance 
such as sodium hydroxide or sodium carbon¬ 
ate with it. Soap forms from the undesired 
fatty acids and the alkaline additive, and it is 


usually removed by centrifuge. The oil is 
further washed to remove traces of soap and 
then dried. 

7 Oils are also degummed at this time by 
treating them with water heated to 
between 188 and 206 degrees Fahrenheit (85 
and 95 degrees Celsius), steam, or water with 
acid. The gums, most of which are phos- 
phatides, precipitate out, and the dregs are 
removed by centrifuge. 

8 Oil that will be heated (for use in cook¬ 
ing) is then bleached by filtering it 
through fuller’s earth, activated carbon, or 
activated clays that absorb certain pigmented 
material from the oil. By contrast, oil that 
will undergo refrigeration (because it is 
intended for salad dressing, for example) is 
winterized—rapidly chilled and filtered to 
remove waxes. This procedure ensures that 
the oil will not partially solidify in the refrig¬ 
erator. 

9 Finally, the oil is deodorized. In this 
process, steam is passed over hot oil in a 
vacuum at between 440 and 485 degrees 
Fahrenheit (225 and 250 degrees Celsius), 
thus allowing the volatile taste and odor 
components to distill from the oil. 
Typically, citric acid at .01 percent is also 
added to oil after deodorization to inactivate 
trace metals that might promote oxidation 
within the oil and hence shorten its shelf-life. 

Packaging the oil 

The completely processed oil is then 
measured and poured into clean con¬ 
tainers, usually plastic bottles for domestic 
oils to be sold in supermarkets, glass bottles 
for imports or domestic oils to be sold in spe¬ 
cialty stores, or cans for imports (usually 
olive oil). 

By p rod ucts/Wa ste 

The most obvious byproduct of the oil mak¬ 
ing process is oil seed cake. Most kinds of 
seed cake are used to make animal feed and 
low-grade fertilizer; others are simply dis¬ 
posed of. In the case of cotton, the lint on the 
seed is used to make yam and cellulose that 
go into such products as mattresses, rayon, 
and lacquer. Coconut oil generates several 
byproducts, with various uses: desiccated 
coconut meat {copra) is used in the confec- 
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tionery industry; coconut milk can be con¬ 
sumed; and coir, the fiber from the outer 
coat, is used to make mats and rope. Since 
com oil is derived from a small portion of the 
entire kernel, it creates corn meal and 
hominy if it is dry milled, and com starch and 
com syrup if it is wet milled. 

Lecithin is a byproduct of the degumming 
process used in making soybean oil. This 
industrially valuable product is used to make 
animal feed, chocolate, cosmetics, soap, 
paint, and plastics—to name just a few of its 
diverse uses. Recent research has focused on 
utilizing the residual oil seed cake. The cake 
is high in protein and other nutrients, and 
researchers are working to develop methods 
of processing it into a palatable food that can 
be distributed in areas where people lack suf¬ 
ficient protein in their diets. This goal 
requires ridding (through additional process¬ 
ing) the oil seed cake of various undesirable 
toxins (such as gossypol in cotton seed, or 
aflatoxin in peanut meal). Initial results are 
promising. 

Quality Control 

The nuts and seeds used to make oil are 
inspected and graded after harvest by 
licensed inspectors in accordance with the 
United States Grain Standards Act, and the 
fat content of the incoming seeds is mea¬ 
sured. For the best oil, the seeds should not 
be stored at all, or for a only very short time, 
since storage increases the chance of deterio¬ 
ration due to mold, loss of nutrients, and ran¬ 
cidity. The seeds should be stored in 
well-ventilated warehouses with a constantly 
maintained low temperature and humidity. 
Pests should be eradicated, and mold growth 
should be kept to a minimum. Seeds to be 
stored must have a low moisture content 
(around 10 percent), or they should be dried 
until it reaches this level (dryer seeds are less 
likely to encourage the growth of mold). 

Processed oil should be consistent in all 
aspects such as color, taste, and viscosity. 
Color is tested using the Lovibund 
Tintometer or a similar method in which an 
experienced observer compares an oil’s color 
against the shading of standard colored 
glasses. Experienced tasters also check the 
flavor of the oil, and its viscosity is measured 
using a viscometer. To use this device, oil is 
poured into a tube that has a bulb at one end 


set off by two marks. The oil is then drained, 
and the time required for the bulb to empty is 
measured and compared to a chart to deter¬ 
mine viscosity. 

In addition, the oil should be free of impuri¬ 
ties and meet the demands placed upon it for 
use in cooking. To ensure this, the product is 
tested under controlled conditions to see at 
what temperature it begins to smoke (the 
smoke point), flash, and catch on fire; warn¬ 
ings are issued appropriately. To allow its 
safe use in baking and frying, an oil should 
have a smoke point of between 402 and 503 
degrees Fahrenheit (204 and 260 degrees 
Celsius). The temperature is then lowered to 
test the oil’s cloud point. This is ascertained 
by chilling 120 milliliters of salad oil to a 
temperature of 35 degrees Fahrenheit (zero 
degrees Celsius) for five and a half hours, 
during which period acceptable salad oil will 
not cloud. 

Before being filled, the bottles that hold the 
oil are cleaned and electronically inspected 
for foreign material. To prevent oxidation of 
the oil (and therefore its tendency to go ran¬ 
cid), the inert (nonreactive) gas nitrogen is 
used to fill up the space remaining at the top 
of the bottle. 


Where To Learn More 

Books 

Hoffman, G. The Chemistry & Technology of 
Edible Oils & Fats & Their High Fat 
Products. Academic Press, Inc., 1989. 

Kirschenbauer, H. G. Fats and Oils. 
Reinhold Publishing, 1960. 

Lawson, Harry W. Standards for Fats and 
Oils. Avi Publishing Company, 1985. 

Salunkhe, D. K. World Oilseeds: Chemistry, 
Technology, and Utilization. Van Nostrand 
Reinhold, 1992. 

Toussaint-Samat, Maguelonne. A History of 
Food. Blackwell Publishers, 1992. 

Periodicals 

“A Cook’s Tour of Cooking Oils,” Changing 
Times, October 1990, pp. 90-1. 
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Raloff, Janet. “Grape Seeds Sow Choles¬ 
terol Benefits,” Science News, 27 April 
1991, p.268. 

Raloff, Janet. “The Positive Side of Palm 
Oil,” Science News, 27 April 1991, p. 268. 

Simpson, Matthew. “Heart-Healthful Oils: 
Choosing the Best Fats,” American Health, 
October 1990, pp. 88-9. 


Sokolov, Raymond. “The Trail of Oil,” 
Natural History, May 1989, pp. 82-5. 

Stevens, Jane. “The Power of the (Oilseed) 
Press,” Technology Review. September, 
1992, p. 15. 

— Rose Sec rest 
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Background 

Most items at your favorite supermarket, dis¬ 
count store, or shopping mall were safely 
delivered in boxes made of corrugated card¬ 
board, and many are displayed in the same 
boxes, which were manufactured so they 
could be opened and used for this purpose. 
Other items may arrive in their own corru¬ 
gated or uncorrugated paperboard boxes. 
Because corrugated cardboard is such a ver¬ 
satile packaging material, millions of tons are 
used each year to protect and display prod¬ 
ucts. During 1992, more than 25 million tons 
of corrugated cardboard were produced in the 
United States. Another 6 million tons of 
uncorrugated boxboard or paperboard were 
also produced for use in folding cartons. 

Corrugated cardboard is a stiff, strong, and 
light-weight material made up of three layers 
of brown kraft paper. In 1884, Swedish 
chemist, Carl F. Dahl, developed a process 
for pulping wood chips into a strong paper 
that resists tearing, splitting, and bursting. 
He named it the kraft process because it pro¬ 
duces a strong paper that resists tearing, 
splitting, and bursting. 

From the paper mill, rolls of kraft paper are 
transported to a corrugating, or converting, 
plant. At the plant, layers of kraft paper are 
crimped and glued to form corrugated card¬ 
board, which is then cut, printed, folded, and 
glued to make boxes. At the beginning of 
this process, kraft rolls from the paper mill 
are loaded into a huge machine called a cor- 
rugator. A typical corrugator is as long as a 
football field—300 feet (91.44 meters). 
Some rolls of kraft paper are used as the cor¬ 
rugating medium, and others are used as lin¬ 
ers, the layers of kraft paper glued on each 
side of the medium. After the corrugator has 


heated, glued, and pressed the kraft paper to 
form corrugated cardboard, the continuous 
sheet of cardboard is cut into wide box 
blanks that then go to other machines for 
printing, cutting, and gluing. Finally, batches 
of finished boxes are banded together for 
shipping to the food processor, toy maker, 
automobile parts distributor, or any of the 
thousands of businesses that depend on cor¬ 
rugated cardboard packaging. 

Raw Materials 

Fast-growing pine trees provide the primary 
raw material used to make corrugated card¬ 
board. The largest packaging companies 
own thousands of acres of land where trees 
are matured, harvested, and replaced with 
seedlings. After the trees are harvested, they 
are stripped of their limbs; only the trunks 
will be shipped by truck to a pulp mill. The 
largest packaging companies also own the 
mills where trees are converted to kraft 
paper. At the mill, the harvested tree trunks 
are subjected to the kraft process, also known 
as the sulfate process because of the chemi¬ 
cals used to break down wood chips into 
fibrous pulp. After pulping and other pro¬ 
cessing, the fibers are sent directly to the 
paper machine where they are formed, 
pressed, dried, and rolled into the wide, 
heavy rolls of kraft paper sent to corrugating 
plants to be made into cardboard. 

At the corrugating plant, only a few other raw 
materials are needed to make a finished box. 
Com starch glue is used to bond the corru¬ 
gated medium to the liner sheets. Because so 
much glue is used, rail cars or large tanker 
trucks deliver it as a dry powder that will be 
stored in huge silos at the corrugating plant 
until it is needed. Drawn from the silo, the 


A typical corrugator is as 
long as a football field — 
300 feet. Some rolls of 
kraft paper are used as 
the corrugating medium, 
and others are used as 
liners, the layers of kraft 
paper glued on each side 
of the medium. 
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dry com starch is mixed with water and other 
chemicals and pumped into the corrugator to 
be spread on the corrugated medium as the 
layers of liner are added. Other raw materials 
are used to finish the corrugated cardboard 
after production. Waxes made from paraffin 
or vegetable oils can be applied to make a 
water- or grease-resistant container for food 
products. Brightly colored inks are also 
applied to create bold graphic designs for 
self-supporting displays featuring product 
name, information, and company name and 
logo. Teams of salespeople and designers 
work together to create the manufacturing 
and printing patterns, called dies, that are 
used to cut and print a specific box design. 
The dies are created in a pattern shop and 
transferred to the rotary die-cutting equip¬ 
ment and printers that finish the box blanks. 

Design 

Kraft paper has been manufactured since 
1906. Since then, pulp processing, paper 
making, and corrugating operations have 
been developed to a high state of efficiency 
and productivity. Today, in the corrugated 
cardboard industry, designers are creating 
innovative containers that require four-color 
printing and complex die-cutting. These 
innovative containers are designed with 
sophisticated software such as computer- 
aided design (CAD) programs, allowing a 
packaging designer to brainstorm different 
package designs before manufacturing 
begins. A designer using a CAD program 
can call up and modify different designs that 
have been stored in a computer design 
library. Thus, existing packages can gener¬ 
ate new designs. Many retail stores use such 
light, strong, and'colorful containers directly, 
as point-of-purchase displays. 

The Manufacturing 
Process 

Pulping the pine chips 

1 Manufacturing a corrugated cardboard 
box begins with the pulping of wood 
chips in the kraft (sulfate) process. First, tree 
trunks are stripped of bark and torn into 
small chips. Next, these chips are placed in a 
large, high-pressure tank called a batch 
digester, where they are cooked in a solution, 
or liquor, made of sodium hydroxide 
(NaOH) and several other ionic compounds 


such as sulfates, sulfides, and sulfites. These 
strongly alkaline chemicals dissolve the 
lignin, the glue-like substance that holds the 
individual wood fibers together in a tree 
trunk. 

2 When the pressure is released after sev¬ 
eral hours, the wood chips explode like 
popcorn into fluffy masses of fiber. 

Making kraft paper 

3 After additional cleaning and refining 
steps, a consistent slurry of wood pulp is 
pumped to the paper-making machine, also 
known as a Fourdrinier machine. Gigantic, 
square structures up to 600 feet long (182.88 
meters), these machines contain a wire mesh 
in which the paper is initially formed. Next, 
the paper is fed into massive, steam-heated 
rollers and wide felt blankets that remove the 
water. At the end, the finished medium, or 
liner, is rolled for shipment. 

Shipping and storing the kraft paper 

4 Rolls of kraft paper for corrugating are 
available in many sizes to fit the produc¬ 
tion equipment at different corrugating 
plants. The most common roll sizes are 67 
inches (170.18 centimeters) wide and 87 
inches (220.98 centimeters) wide. An 87- 
inch roll of heavier paper can weigh up to 
6,000 pounds (2,724 kilograms). As many as 
22 rolls of 87-inch paper can be loaded into 
one railroad boxcar for shipment to a corru¬ 
gating plant. 

At the plant, the kraft paper is separated 
into different grades, which will be used 
for the medium and the liner. These different 
grades of corrugated cardboard can be made 
by combining different grades of kraft paper. 
A knowledgeable packaging specialist works 
with a customer to determine the strength 
required for the corrugated cardboard con¬ 
tainer being planned. Then, when a plant 
receives an order for containers, a product 
engineer specifies the combination of 
medium and liner to produce a cardboard to 
match the customer’s requirement. 

Corrugating the cardboard 

6 Using powerful fork-lifts, skilled equip¬ 
ment operators select, move, and load rolls 
of kraft paper at one end of the corrugator. 
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CORRUGATING THE CARDBOARD 



7 One roll of medium is loaded to run 
through the corrugating rolls, and a roll 
of liner is fed into the corrugator to be joined 
with the corrugated medium. Liner from 
another roll travels up over the corrugating 
rolls along a flat structure called the bridge. 
This liner will be glued to the corrugated 
medium later in the process. 

8 For a large production run, additional 
rolls are loaded into automatic splicers. 
Sensitive detectors check the rolls of paper 
feeding into the corrugator. When a roll is 
nearly empty, the corrugator control system 
starts a splicer, and paper from the new roll is 
joined to the end of the paper going through 
the machine. Thus, production of corrugated 
cardboard is continuous, and no production 
speed is lost. 


9 The medium to be corrugated is fed into 
the giant, electrically driven rollers of the 
corrugator, first through the preheating 
rollers and then into the corrugating rolls. 
Steam at 175 to 180 pounds of pressure per 
square inch (psi) is forced through both sets 
of rollers, and, as the paper passes through 
them, temperatures reach 350 to 365 degrees 
Fahrenheit (177 to 185 degrees Celsius). 

The corrugating rolls are covered with 
flutes —horizontal, parallel ridges like 
the teeth of massively wide gears. When the 
hot paper passes between the corrugating 
rolls, the flutes trap and bend it, forming the 
middle part of a sheet of corrugated card¬ 
board. Each corrugating machine has inter¬ 
changeable corrugating rolls featuring 
different flute sizes. Installing a different 



Corrugated cardboard manufacture 
includes two key steps: making kraft 
paper and corrugating the card¬ 
board. Kraft paper involves pulping 
wood chips and then feeding the 
resulting paper substance through 
massive steam rollers that remove 
the water. 

Corrugating is also done in a 
machine that utilizes heavy rollers. 
One roll of cardboard is corrugated 
and then glued between two other 
layers (liners) by the same machine. 
The glue is then cured by passing 
the cardboard over heated rolls. 
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A finished piece of corrugated 
cardboard consists of a single cor¬ 
rugated layer sandwiched between 
two liner layers. 



flute size in the corrugator changes the width 
of the corrugated medium. 

The medium travels next to a set of 
rollers called the single-facer glue sta¬ 
tion. Here, one layer of liner is glued to the 
medium. Starch glue is carefully applied to 
the corrugated edges of the medium, and the 
first layer of liner is added. From the single¬ 
facer, the medium and liner go to the double¬ 
backer glue station where the other layer of 
liner from the bridge is added following the 
same procedure. Continuing through the cor¬ 
rugator, the cardboard passes over steam- 
heated plates that cure the glue. 

Forming the blanks into boxes 

At the end of corrugator, a slitter- 
scorer trims the cardboard and cuts it 
into large sheets called box blanks. Box 
blanks pop out of the slitter-scorer like wide 
slices of toast and slide into an automatic 
stacker that loads them onto a large, rolling 
platform. From here, they will be trans¬ 
ported to the other machines that will convert 
them into finished containers. Skilled pro¬ 
duction workers use a computer terminal and 
printer to prepare a job ticket for each stack 
of box blanks produced by the corrugator. 
With the job ticket, workers can route the 
stack to the right fabrication machines, called 
flexos (the name is short for flexographic 
machine). A flexo is a wide, flat machine 
that processes box blanks. 

Printing dies and die-cutting patterns 
are prepared in a pattern shop on large, 
flexible sheets of rubber or tin. The dies and 


patterns are loaded onto the large rollers in 
the flexo, and the box blanks are automati¬ 
cally fed through it. As each blank passes 
through the rollers of the flexo, it is trimmed, 
printed, cut, scored, and, in a printer-folder- 
gluer, folded and glued to form a box. From 
the flexo, the finished boxes are automati¬ 
cally stacked and sent to a banding machine 
to be wrapped for shipping. Other equipment 
in a corrugating plant includes stand-alone 
die-cutters, die-cutters with print stations, 
and machines known as curtain coaters that 
apply a wax coating to fruit, vegetable, and 
meat containers. Box blanks requiring only 
simple, one-color printing and die-cutting 
can be run through a stand-alone die-cutter, 
print station, and curtain coater to produce 
water- or grease-resistant containers. 

Quality Control 

Quality control begins with the suppliers of 
the kraft paper used to make corrugated card¬ 
board. Kraft paper must be smooth and 
strong. After the paper passes through the 
corrugator and is made into box blanks, indi¬ 
vidual blanks are pulled from a stack and 
tested. The Cobb test measures moisture in 
the liner and medium. Glue strength, burst¬ 
ing strength, compression, and highly accu¬ 
rate dimensional tests determine the quality 
of the manufacturing process. A warp test 
determines the flatness of the box blank, 
insuring that each blank will travel smoothly 
through the flexo machines. As skilled 
workers run batches of box blanks through 
the flexo machines, individual boxes are 
pulled and inspected. Trimming, cutting, 
and scoring must be correct. No damage to 
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the cardboard is allowed. Also, the different 
layers of colored ink used in color printing 
must be perfectly aligned. 

The Future 

Future corrugated containers will be manu¬ 
factured using kraft paper produced from 
recycled packaging rather than trees. 
Recycling and other environmentally 
friendly processes will continue to grow in 
importance in the future of corrugated card¬ 
board. Today, inks based on soybean oil and 
biodegradable waxes and other coatings are 
beginning to be used in container manufac¬ 
turing. Leading packaging companies are 
already operating paper mills that make 
fresh, clean kraft paper by de-inking and 
pulping used containers. 

Where To Learn More 

Books 

Bessen, A. Howard. Design & Production of 
Corrugated Packaging & Displays. Jelmar 
Publishing Company, Inc., 1991. 

The Corrugated & Paperboard Container 
Industry: An Analysis of Current Markets & 


Prospects for Future Growth. Business 
Trend Analysts, Inc., 1991. 

Maltenfort, George G. Corrugated Shipping 
Containers: An Engineering Approach. 
Jelmar Publishing Company, Inc., 1988. 

Rohde, Elliot S. Producing Corrugated 
Containers Profitably. Jelmar Publishing 
Company, Inc., 1993. 

Kline, James E. Paper And Paperboard: 
Manufacturing and Converting Fundamen¬ 
tals, 1991. 

Periodicals 

Carey, Kevin. “The Science of Diecutter 
Makeready.” Boxboard Containers. March, 
1993. 

“Engineers Claim Cardboard Cup,” Design 
News. October 6, 1986, p. 51. 

“Industry Statistics,” Paperboard Packaging. 
March, 1993, p. 16. 

Tappi [Technical Association for the Pulp 
and Paper Industries] Journal. 

—Robert C. Miller 
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Forks took about three 
centuries to gain 
acceptance, probably 
because the custom of 
placing food in one's 
mouths with both hands, 
five fingers, or—for the 
refined few—three fingers, 
was more expedient than 
using a new gadget. 


Background 

Eating or serving with utensils made of sil¬ 
ver, silver-plated metals or stainless steel is 
relatively recent. Silver needed to be discov¬ 
ered in sufficient quantities, the smelting 
processes necessary to hand-craft silver 
needed to be refined, and in Northern Europe 
it took several centuries before the more civ¬ 
ilized Latin table manners replaced the 
cruder Anglo-Saxon ones. 

Henry VIII, the most famous of England’s 
Tudors, used his hands to tear off large 
pieces of beef from an entire roast set before 
him, throw the meat on his trencher board, 
chop off smaller pieces and shovel them in 
his mouth. Such table manners were accept¬ 
able until the publication of books on man¬ 
ners by Castiglione (1478-1529) and 
Peacham (1576-1643). Around that time, 
fine silver table services and eating imple¬ 
ments were introduced into English court 
life. Banquet halls started to use solid silver 
platters and plates, silver-mounted drinking 
vessels, silver-handled knives and a variety 
of spoons. Unassisted bare hands, however, 
remained the norm for the “lower orders” in 
England for another century or so. 

The spoon was one of man’s earliest inven¬ 
tions, possibly as old as the custom of drink¬ 
ing hot liquids. In Northern Europe, the first 
spoons were carved from wood. Later speci¬ 
mens were fashioned out of horns of cattle, 
ivory tusks, bronze, and eventually silver and 
gold. 

The earliest mention of spoons made from 
precious metals is found in the Book of 
Exodus, when Moses is commanded to make 
dishes and spoons of pure gold for the 


Tabernacle. Moses asked Bezalel (the first 
spoon-maker known to us by name in his¬ 
tory) to work in gold, silver and brass. Since 
Bezalel had come with Moses out of Egypt, 
he must have learned his trade there. 

Many Egyptian spoons were cast in the form 
of handled dishes with a cover and a spout, an 
elaborate but not very practical design. Greek 
and Roman spoons, on the other hand, looked 
much more like the spoons we are used to 
seeing in modem times. Pan, the patron of 
shepherds and huntsmen, was honored with 
spoons in the shape of a goat’s foot. The 
Roman fiddle-patterned spoon, originating in 
the first or second century a.d., resembles the 
modern type we know today, except for its 
squared off stem-head, rather than the arched 
appearance with which we are familiar. 

The first English spoons, made of horn or 
wood, were probably imitations of those 
brought in by Roman troops in Britain. The 
Angles and Saxons introduced a spoon with 
small, pear-shaped bowl. By the fourteenth 
century, castings of bronze, brass, pewter 
and sheet tin were fairly common. 

The knife, used by hunters and soldiers for 
cutting and spearing the meat, was first made 
of flint, then of metal. Its main characteristic 
was a sharp edge. Traces of the primitive 
knife, such as the incurved shape at the top, 
or the beveling of the metal to achieve an 
edge, are still present in some of our styles 
today. Handles at first were only long 
enough to allow a firm grip for carving. 

In the 1630s, the Duke de Richelieu, chief 
minister to France’s Louis XIII, ordered the 
kitchen staff to file off the sharp points of all 
house knives and bring them to the royal 
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table, thereby introducing the knife as an 
every-day eating utensil for the aristocracy. 

Forks were introduced at the table around the 
time of the Crusades, at the beginning of the 
twelfth century, when Venice’s Doge 
Domenice Silvie and his Dogess placed a fork 
beside each plate at one of their banquets. The 
forks took about three centuries to gain 
acceptance, probably because the custom of 
placing food in one’s mouths with both 
hands, five fingers, or—for the refined few— 
three fingers, was more expedient than using 
a new gadget. 

Most dinner guests first carried their own 
knives. After the introduction of forks, the 
custom of guests providing their own eating 
utensils continued, and attention was given 
to minimize the space occupied by the knife 
and fork when not in use. with the fork some¬ 
times serving as a handle for the spoon. 

The production of tableware on a wide scale 
in England after 1650 played a large role in 
improving the dinner-table etiquette. In time, 
strict laws demanding high standards greatly 
enhanced the quality of silverware. 
Silversmiths were required to stamp their 
name, the place, and the date of their manu¬ 
factured goods on their pieces. The word 
“sterling” came to mean “of unexcelled qual¬ 
ity.” From 1670, English homes of the upper 
classes had silver spoons as a matter of course, 
and had already started the custom of passing 
them on to their heirs. American silversmiths 
widely copied these spoons. In fact, the colo¬ 
nial craftsmen’s first silver goods were 
spoons. Table knives with steel blades started 
to appear around this time as well. However, 
silver forks and sophisticated serving vessels 
were rare until the late eighteenth century. 

Before the seventeenth century, silver could 
be melted and poured into shaped molds to be 
cast into a variety of objects, but more often it 
was hand beaten with sledge hammers on an 
anvil, or coerced into flatsheets of the 
required thickness by a version of the old- 
fashioned laundry mangle with iron instead of 
wooden rollers. The hammering of the sheet 
caused it to become brittle after a certain 
amount of time, and therefore unfit for further 
working. At that point, it was annealed, or 
placed under heat of about 1,000 degrees 
Fahrenheit (540 degrees Celsius), then 
plunged into cold water, after which the ham¬ 
mering could be resumed. 


F irst used in tins mid-nineteenth century the term "silverware.' 1 lefetring to 
Sterling silver or silveiplated tableware, has become synonymous with cut¬ 
lery. Slill, cutlery has been made of iron far centuries In Great Bntaln, the 
area of Sheffield hos been widely known for producing high-quality cutlery 
since the thirteenth century With the introduction of silverplaling in ibn lah» 
eighteenth century, the area also became identified with silverplated goads, 
thus "Sheffield plate." 

Mol surprisingly Americans who sought to compete with Sheffield cullnry in 
the nineteenth century overcame opposition by reducing the cost ot their cut 
lory 'hrougti 'he us* of powered machinery ond simplification of the produc¬ 
tion process. By 1871. rhe Russell Manufacturing Company of Turner's Fall. 
Massachusetts, Hod roduced the sequence to sixteen steps, each ol which 
might be performed by different individuals. The company consumed annu 
ally 700 tons of steel, 200 tons of grindstones, ond 22 tons of emery; and fry 
Handles, 18 Ions of ivary, 56 tans of ebony, 29 tons of rosewood, and 150 
Ions of cocouwood. Despite the growth, one thing that did not improve fo* 
workers in the United States was industrial hygiene Grinders, especially, 
were subjected to btge doses of metallic dust and commonly succumbed la 
"grinders' dispose." or silicosis. 

Thn most famous product innovation associated with the American cutlery 
trade was the Bowie knife With its distinctive long, heavy blade, >1 wu» use¬ 
ful for bath hunting and fighting James Bowie, famed frontiersman, designed 
and popularized this large sheoth knife. It became sa populai and so com 
rnonfy associated wi'h violent crime during the 1830s that several states 
passed laws resMiding its uso. 

W/li/om 5. Pr*t**r 


Later, the silversmiths (or “flatters”) used 
more sophisticated techniques, such as 
waterwheels or horse-driven wheels, to pass 
the metal through the rollers many times 
until the desired thickness was attained. 
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These techniques were replaced by the steam 
engine in the eighteenth century. 

Special hammers—without small faces and 
sharp comers that might cut the metal—were 
used to raise the flat sheets of metal into hol¬ 
low forms, such as pots or the bowls of 
spoons. Handles for spoons, forks, or knives 
were shaped by casting. The most common 
method was to embed a pattern (of gunmetal, 
wood or plaster) in a two-part frame filled 
with an adhesive loam mixture, bake it hard, 
open the frame and remove the pattern, then 
fill the cavity with molten silver, finally 
breaking the mold to remove the casting. 
Pieces fashioned this way showed gritty sur¬ 
faces that required smoothing with file and 
pumice. 

Sheffield plating was the first silverplating 
technique used. It consisted of attaching a 
thin skin of sterling to one or both sides of a 
copper brick, rolling it into flatsheets, and 
then working it in a similar manner as silver. 
This technique was replaced in 1842, when 
electroplating (or sterling silver deposited by 
electrolysis on a base metal) was introduced. 

Raw Materials 

The raw material of silverware is stainless 
steel, sterling silver, or, in the case of silver- 
plate, a base metal (such as a high-quality 
copper alloy) over which a layer of silver is 
electrically deposited. 

Stainless steel is a combination of steel, 
chrome and nickel. The finest grade of metal 
used in producing quality lines is 18/8 stain¬ 
less steel. This means that it contains 18 per¬ 
cent chrome, 8 percent nickel. Stainless steel 
is very popular because of its easy care, dura¬ 
bility, and low price. 

The majority of silver is obtained as a byprod¬ 
uct of the extraction of lead, copper and zinc. 
Silver is separated from smelted lead bullion 
by the Parkes process, in which zinc is added 
to the molten bullion that has been heated to 
above the melting point of zinc. When the zinc 
has dissolved, the mixture is cooled and a crust 
of zinc-silver alloy forms on the surface, 
because the silver combines more readily with 
zinc than with lead. The crust is removed, 
pressed to remove excess lead and then 
processed in a retort to recover the zinc for 


reuse, leaving a silver-lead bullion with a high 
silver content. Further refining of the bullion is 
carried out in a cupellation furnace, where air 
is blown across the surface of the molten metal 
to oxidize the lead and other impurities to a 
slag, leaving the silver, which is cast into 
anode blocks. Final purification of the silver is 
made by an electrolytic process. Sterling silver 
consists of 925 pure silver and 75 parts of an 
alloy (usually copper). This proportion is fixed 
by law and therefore never varies. The copper 
alloy adds durability without sacrificing the 
natural beauty and workability of silver. 

Silverplate is the result of a process that 
bonds pure silver (silver more pure than ster¬ 
ling) to a strong base metal. The resulting 
tableware is durable, has the look and feel of 
silver, but is much less expensive than ster¬ 
ling. 

The Manufacturing 
Process 

Blanking 

1 Production begins with rectangular, flat 
blanks of stainless steel, sterling silver, or 
in the case of plated flatware, an alloy. Large 
rolls are stamped in individual blanks, which 
are flat pieces roughly the same shape as the 
piece to be produced. 

Rolling 

2 Through a series of rolling operations, 
these blanks are graded or rolled to the 
correct thickness and shapes required by the 
manufacturer’s flatware patterns. First the 
blanks are rolled crosswise from left to right, 
right to left, and lengthwise, then trimmed to 
outline. Each spoon, for instance, must be 
thick at the base of the handle to resist bend¬ 
ing. This gives graded pieces the right bal¬ 
ance and a good feel in the hand. Each piece 
is now in the form of a cleanly finished shape 
in the rough dimension of the utensil. 

Annealing 

3 Between operations, the blanks must pass 
through annealing ovens to soften the 
metal for further machine operations. The 
annealing, done under great heat, must be very 
accurately controlled so the final piece will be 
resistant to bending and to nicks and dents 
when in use. The last annealing is the most 
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The first step in cutlery manufacture 
involves blanking the stainless steel 
or sterling silver to the proper 
shape. A series of rolling operations 
then gives the piece the correct 
thickness. After heat treatment and 
trimming, the piece has a pattern 
embossed on it in a stamping oper¬ 
ation. Finally, the piece is buffed 
and polished. 


important, because the pieces must be just the 
right degree of hardness when they are 
embossed. Then the metal can be forced easily 
into all the tiny details in the dies and the orna¬ 
mentation will be faithfully reproduced. 

Cutting to outline 

4 The rolled blanks are placed in the cut¬ 
out press by an operator, to remove the 
excess metal and to fashion the shape of the 
piece. This process is similar to cutting 
shapes from rolled dough. The shape of the 
piece is cut out of the metal and the excess 
metal is remelted and transformed back into 
sheets of metal to be used again. This trim¬ 
ming must ensure an accurate fit of the pieces 
into the dies when the design is applied. 

Forming the pattern 

The next step is the forming of the pat¬ 
tern. Each pattern has its own hardened 
steel dies—two dies for each piece, one with 


the pattern for the front of the piece, and the 
other with the pattern for the back of the 
piece. These are carefully set in the hammers 
by die setters. The operator quickly places a 
piece in place under the drop hammer, which 
descends with a hydraulic pressure of 200 
tons. (The bases of the drop hammers are 
bedded in 160 cubic yards of cement.) The 
metal is squeezed into every tiny detail of the 
ornamentation in the die, embossing the pat¬ 
tern on the piece. The blow of the hammer 
hardens the piece for use in the home. 
Surplus metal around the outline of the piece 
is then removed by clipping presses. 

Special steps — knife, spoon, and fork 

Special steps are necessary for the cre¬ 
ation of knives, spoons, forks, and hol- 
loware pieces. To make the hollow handle 
for the knife, after two strips of metal are 
formed to shape, they are then soldered 
together, buffed and polished until the seam 
is no longer visible. The blade and handle are 
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This illustrations shows how a fork 
looks after each operation is per¬ 
formed. Although the tines are 
pierced before the pattern is 
applied, the strip of metal that con¬ 
nects the tines together isn't 
removed until after the pattern is 
embossed. 



permanently joined by means of a powerful 
cement, which bonds with great strength and 
durability. 

7 With the spoon, after the pattern has 
been embossed upon the front and back 
of the handle, the next step is the forming of 
the bowl. The forming is done again under 
the same powerful drop hammers from accu¬ 
rate steel dies. Each bowl requires two ham¬ 
mer blows. Surplus metal around the outline 
of the spoon is removed by clipping presses. 
A small burr still remains to be removed at a 
later operation. 

8 The forming of fork tines is a similar 
process to that of the forming of the 
spoon’s bowl, but the operation takes place 
before the pattern is applied to the handle. 
After a fork is cut to outline, it is pierced and 
tined: the tines are pieced out, and the small 
piece of metal that holds the tip of the tines 
together is removed in another operation 
after the pattern has been applied. 

Silver plating 

9 For the silver-plated pieces, the electro¬ 
plating process is an additional step. The 
pieces are first prepared by being buffed so 
that the edges are smooth and the surfaces 
are free from small holes. When the buffing 
is completed, the pieces are given a thorough 
cleaning with as many as 12 different chemi¬ 
cal solutions. Finally, they undergo electrol¬ 
ysis, in which a layer of silver is electrically 
deposited over the base metal. 


Buffing and sand polishing 

The knives, forks and spoons are now 
buffed, then polished. Depending on 
the pattern, special finishing processes can 
give silver-plated and sterling silver pieces a 
bright, mirror-like finish, a soft, satiny glow, 
or a brushed or florentine finish. 

Quality Control 

Final inspection checks the pieces for chafes, 
scratches, rough spots between a fork’s tines, 
discoloration, or any other flaws that might 
have occurred when the pieces were 
stamped, shaped and polished. 

The Future 

Stainless steel is the preferred tableware for 
today’s customers, and represents the future 
for flatware manufacturers. According to a 
senior executive at Oneida, the last major 
domestic manufacturer of silverware and 
plated ware in the United States, purchase of 
sterling and silverplated ware has been 
declining for the past twenty years, while 
demand for stainless steel continues to grow. 

Where To Learn More 

Books 

Clayton, Michael. Christie's Pictorial 
History of English and American Silver. 
Phaidon, 1985. 

Ettlinger, Steve. The Kitchenware Book. 
Macmillan Publishing Co., Inc., 1992. 
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Fennimore, Donald L. Silver and Pewter. 
Knopf, 1984. 

Freeman, Dr. Larry. Victorian Silver: Plated 
and Sterling Holloware and Flatware. 
Century House, 1967. 

Giblin, James C. From Hand to Mouth: Or, 
How We Invented Knives, Forks, Spoons & 
Chopsticks & the Table Manners to go with 
Them. HarperCollins Children’s Books, 
1987. 

Hamlyn, Paul. English Silver. Hamlyn 
Publishers, 1969. 

Hood, Graham. American Silver: A History 
of Style, 1650-1900. Praeger Publishers, 
1971. 


“Sheet Metal,” How It Works, Vol. 18. H.S. 
Stuttman Inc., 1987. 

Schwartz, Marvin D. Collector’s Guide to 
Antique American Silver. Doubleday, 1975. 

Science and Technology Illustrated. 
Encyclopedia Britannica, 1984. 
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Expanded Polystyrene Foam 
(EPF) 


Although EPF is generally 
called Styrofoam, 
Styrofoam is a trademark 
of Dow Chemical 
Company and refers 
specifically to a type of 
hard, blue EPF used 
mainly in boating. 


Background 

Expanded polystyrene foam (EPF) is a plastic 
material that has special properties due to its 
structure. Composed of individual cells of 
low density polystyrene, EPF is extraordinar¬ 
ily light and can support many times its own 
weight in water. Because its cells are not 
interconnected, heat cannot travel through 
EPF easily, so it is a great insulator. EPF is 
used in flotation devices, insulation, egg car¬ 
tons, flats for meat and produce, sandwich 
and hamburger boxes, coffee cups, plates, 
peanut packaging, and picnic coolers. 
Although it is generally called Styrofoam, 
Styrofoam is a trademark of Dow Chemical 
Company and refers specifically to a type of 
hard, blue EPF used mainly in boating. 

During the late 1800s, researchers seeking 
materials suitable for making film, carriage 
windshields, and various small items such as 
combs produced early plastics out of natural 
substances and chemicals. In making these 
plastics, the scientists exploited the natural 
tendency towards polymerization, in which 
two or more small molecules, or monomers, 
combine to form chains that are often very 
long. The resulting molecular chains, or 
polymers, comprise repeating structural units 
from the original molecules. One of the most 
familiar natural polymers is cellulose, the 
string of glucose molecules that forms a pri¬ 
mary component of plant cell walls, cotton, 
paper, and rayon. Polystyrene is among the 
best-known synthetic polymers (others 
include polyethylene, polypropylene, and 
polyester). Styrene, the liquid hydrocarbon 
from which EPF is made, was derived in the 
late nineteenth century from storax balsam, 
which comes from a tree in Asia Minor 
called the Oriental sweet gum. In the early 
nineteenth century, completely synthetic 


plastics were developed from hydrocarbons, 
whose structure is conducive to easy poly¬ 
merization. Polystyrene, the polymer from 
which EPF is made, was invented in 1938. 

Foaming plastics were discovered indirectly, 
because in the beginning no one could see 
their advantages. Dr. Leo H. Baekeland, the 
American chemist who developed the first 
completely synthetic plastic, bakelite, exper¬ 
imented with phenol (an acidic compound) 
and formaldehyde (a colorless gas) while try¬ 
ing to make a nonporous resin. When one of 
his mixtures unexpectedly began to foam, 
Baekeland tried to control the foam before 
realizing that it could have advantages. Fol¬ 
lowing Baekeland’s death in 1944, the first 
foamed phenolics were developed, soon fol¬ 
lowed by epoxy foam. A short time later, 
polystyrene was foamed. At first it was used 
mainly in insulation and flotation devices for 
boats, life preservers, and buoys. It was not 
until EPF replaced paper, kapok (made from 
the silky fibers that encase ceiba tree seeds), 
and other natural packaging protection that 
the substance became as popular as it is 
today. Its familiarity was furthered by the 
enormous growth of the fast food and take¬ 
out industries, which began to use EPF in 
burger boxes and coffee cups. Today EPF is 
easily the most recognized plastic. 

However, despite EPF’s popularity and 
unique features, it has recently come under 
attack because of the gaseous methane deriv¬ 
atives—chlorofluorocarbons (CFCs)—used 
to foam it. CFCs are inert, and harmless to 
humans and the environment upon their 
release. However, long after their first use, 
scientists realized that CFCs contribute to the 
depletion of the ozone layer as they decom¬ 
pose. The ozone layer is a layer of the atmos- 
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phere that protects the earth against harmful 
ultraviolet rays from the sun. In 1988 repre¬ 
sentatives from 31 nations signed the Mon¬ 
treal Protocol , a treaty with which they 
resolved to halve CFC production by 1998. 
This agreement brought EPF to the world’s 
consciousness as a threat to the ozone layer. 
While foam packaging is responsible for less 
than three percent of the CFCs being released 
into the atmosphere, EPF reduction has been 
targeted as a way to lower CFC levels, and 
new technology that explores ways to pro¬ 
duce EPF without CFCs has flourished. EPF 
has also been singled out by environmental¬ 
ists because it is not being recycled. Action 
has been taken, however, and programs are 
under way to see that a greater percentage of 
EPF will be recycled in upcoming years. 

Raw Materials 

EPF’s main component is styrene (CsHs), 
which is derived from petroleum or natural 
gas and formed by a reaction between ethyl¬ 
ene (C2H4) and benzene (G.Hs); benzene is 
produced from coal or synthesized from 
petroleum. Styrene is polymerized either by 
heat or by an initiator such as benzoyl perox¬ 
ide. Stopping the polymerization is difficult; 
however, inhibitors such as oxygen, sulfur, 
or quinol can be used. To form the low-den¬ 
sity, loosely attached cells EPF is noted for, 
polystyrene must first be suspended in water 
to form droplets. A suspension agent, such 
as specially precipitated barium sulfate or 
copolymers of acrylic and methacrylic acid 
and their esters (organic product formed by 
the reaction between of an acid and an alco¬ 
hol), is then added to the water. Numerous 
suspension agents are used commercially. 
All are similarly viscous and serve to hold up 
the droplets, preventing them from sticking 
together. The beads of polystyrene produced 


by suspension polymerization are tiny and 
hard. To make them expand, special blowing 
agents are used, including propane, pentane, 
methylene chloride, and the chlorofluorocar- 
bons. 

Design 

Like all plastics, EPF consists of a polymer 
chain with great molecular weight. A mole¬ 
cule’s weight is equivalent to its mass and 
can be calculated by adding the mass of its 
constituent atoms. EPF is a linear polymer 
whose basic unit is styrene (CsHs) and whose 
molecular mass is 104, yet when it is linked 
together as it is in the plastic, its mass can 
range between 200,000 and 300,000 
(because a polymer chain can contain an 
indefinite number of molecular links, a ter¬ 
minal mass cannot be determined). 

The Manufacturing 
Process 

First, styrene is made by combining ethylene 
and benzene. Next, the styrene is subjected 
to suspension polymerization and treated 
with a polymerization initiator, which 
together convert it into polystyrene. Once a 
polymer chain of the desired length has 
formed, technicians stop the reaction with 
terminating agents. The resulting poly¬ 
styrene beads are then cleaned, and anom¬ 
alous beads filtered out. To make small-cell 
EPF, workers then melt, add a blowing agent 
to, and extrude the beads. To produce 
smooth-skinned EPF, they pre-expand the 
beads, dramatically reducing their density. 
Next they heat and expand them before 
allowing them to sit for 24 hours so that they 
can cool and harden. The beads are then fed 
into a mold of the desired shape. 


Polystyrene is made in a process 
known as suspension polymeriza¬ 
tion. After styrene is produced by 
combining ethylene and benzene, it 
is merged with water and a mucila¬ 
ginous substance to form droplets of 
polystyrene. Next, the droplets are 
heated and combined with an initia¬ 
tor, which begins the process of 
polymerization. The droplets com¬ 
bine to form chains, which in turn 
combine into beads. Stopping the 
process with terminators is difficult, 
since the chains must be of a certain 
length to be of use. 
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Making styrene 

I The basic unit of polystyrene is styrene, 
which is the product of a two-fold reac¬ 
tion. Ethylene and benzene, in the presence 
of a catalyst such as aluminum chloride, 
form ethylbenzene (CsHs), which is then 
dehydrogenated (hydrogen is removed) at 
1,112-1,202 degrees Fahrenheit (600-650 
degrees Celsius) to form styrene (CsHs). 

Making polystyrene 

2 Polystyrene is formed from styrene 
through suspension polymerization, a 
process by which tiny drops of the monomer 
(in this case, styrene) are completely sur¬ 
rounded by water and a mucilaginous sub¬ 
stance. Supporting and surrounding the 
styrene globules, the suspension agent pro¬ 
duces uniform droplets of polystyrene. 

3 Next, a polymerization initiator is added 
to the droplets, which are suspended by 
heat radiation of about 212 degrees Fahren¬ 
heit (100 degrees Celsius). This results in 
free radicals, a group of atoms particularly 
likely to react with others because they con¬ 
tain unpaired electrons which are available 
for molecular bonding. Free radicals then 
combine at randomly to form chains of poly¬ 
styrene. 

4 Stopping the polymerization process is 
difficult. Terminators are introduced to 
the process to end it at the appropriate time. 
Though variable, chain length must fall 
within a certain range, because polystyrene 
with overly long chains won’t melt readily, 
and polystyrene with short chains will be 
brittle. 

Preparing the beads 

5 After polymerization is complete, the 
mixture—consisting of beads made up of 
polystyrene chains—is cooled. These beads 
are then washed out and dried. Uniform bead 
size is achieved by sorting the beads through 
meshes which filter out over- and undersized 
beads. 

Making expanded polystyrene foam 

6 First, the beads of polystyrene must be 
expanded to achieve the proper density. 
This process is known as pre-expansion, and 


involves heating the polystyrene either with 
steam (the most common method) or hot air 
(for high density foam, such as that used for a 
coffee cup); the heating is carried out in a ves¬ 
sel holding anywhere from 50 to 500 gallons 
(189 to 1,892 liters). During pre-expansion, an 
agitator is used to keep the beads from fusing 
together. Since expanded beads are lighter 
than unexpanded beads, they are forced to the 
top of the vessel’s cavity and discharged. This 
process lowers the density of the beads to 
three percent of their original value and yields 
a smooth-skinned, closed cell EPF that is 
excellent for detailed molding. 

7 Next, the pre-expanded beads are usually 
“aged” for at least 24 hours in mesh stor¬ 
age silos. This allows air to diffuse into the 
beads, cooling them and making them 
harder. 

Molding 

8 After aging, the beads are fed into a mold 
of the desired shape. Low-pressure steam 
is then injected into and between the beads, 
expanding them once more and fusing them 
together. 

9 The mold is then cooled, either by circu¬ 
lating water through it or by spraying 
water on the outside. EPF is such a good 
insulator that it is hard to cool the mold 
down. Using small molds can reduce both 
the heating and cooling time and thereby 
speed up the process. 

Making extruded, expanded poly¬ 
styrene foam 

This process yields EPF with small cell 
size that can be used to manufacture 
boards used for insulation. The beads are 
melted, and a blowing agent is added. The 
molten polystyrene is then extruded into the 
proper shape under conditions of high tem¬ 
perature and pressure. 

Cutting, bonding, and coating 

EPF is usually cut with common wood¬ 
working tools, which must be kept 
very sharp at all times to cut smoothly. It can 
also be bonded with adhesives that do not 
destroy it. Water-based adhesives are good, 
as are phenolics, epoxies, resorcinols, and 
ureas. EPF is not resistant to weathering or 
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sunlight, and it is flammable, so generally 
coatings such as epoxy, different kinds of 
paint, and nonflammable substances are 
applied to the surface. 

Quality Control 

EPF is subject to the numerous tests and 
standards formulated by the American Soci¬ 
ety for Testing and Materials (ASTM) for 
plastics in general. Some of these standards 
concern EPF in particular because of its 
unique properties, yet some of the tests 
applied to EPF were developed to measure 
the properties of other plastics. 

The polystyrene melt is tested to determine 
whether it is sufficiently viscous to produce 
EPF with the desired properties. Further, the 


subsequent polystyrene beads must be of uni¬ 
form size. The standard for perfectly spheri¬ 
cal beads is based on those formed in space 
shuttle experiments under conditions of zero- 
gravity. 

Molded EPF is also tested for strength, flam¬ 
mability, and density, which is particularly 
important when testing flotation devices. 
EPF’s resiliency is measured by banging a 
pendulum against the material and observing 
how far it rebounds. EPF is then tested for 
porosity. This involves determining how 
many open and closed cells there are, after 
considering the surface area of the product 
and the number of cells cut by fashioning. 
Permeability is then tested. A simple test 
involves placing a piece of EPF into a sub¬ 
stance and then measuring how much of it is 
absorbed. 


Making EPF involves a number of 
steps. First, the polystyrene beads 
undergo pre-expansion, in which 
they are expanded to give them the 
proper density. After aging in a 
storage silo, the beads are fed into 
a mold and injected with steam, 
which expands the beads once 
again and fuses them together. 
After cooling, the molded EPF is cut 
to the proper shape and coated 
with protective epoxy or paint. 


1 8 3 




How Products Are Made, Volume 1 


Thermal conductivity is important whenever 
EPF is used for insulation. Cellular plastics 
have the lowest thermal conductivity (trans¬ 
mission of heat) of any solid material known. 
They insulate so well that testing for thermal 
conductivity is time-consuming, even when 
thin sheets are used. The thin (.79-2 inches 
or 2-5 centimeters) sheet of EPF is placed 
next to a heater plate, and both are enclosed 
by cold plates to minimize heat loss. A con¬ 
trolled, small amount of heat is then applied 
to one side of the sheet, and, after several 
hours, the amount of heat penetrating to the 
other side is measured. Of course, all data 
must meet the standards for EPF. 

The Future 

EPF can safely be incinerated and will yield 
only carbon dioxide and water if the proce¬ 
dure is handled correctly, but the trend has 
been to recycle it wherever possible. EPF 
can be recycled into concrete, egg cartons, 
office products, foam insulation, and garbage 
cans. Unfortunately, only one percent of the 
11 billion kilograms of EPF thrown away 
each year is being recycled. The National 
Polystyrene Recycling Company, which con¬ 
sists of seven major corporations, including 
Amoco, Dow, and Mobil, plans to increase 
this to 25 percent by 1995 by focusing on big 
users of EPF—fast food outlets and college 
dining establishments. Since the Montreal 
Protocol of 1988, new research has focused 
on ways to reduce CFC use, and on develop¬ 
ing alternative blowing agents that will not 
harm the ozone layer. Recent developments 
include a process that uses pressurized car¬ 
bon dioxide to produce smaller, more uni¬ 
form cells. These in turn provide a foam that 
is stronger and smoother than earlier foams. 


Where To Learn More 

Books 

Beck, Ronald D. Plastic Product Design. 
Van Nostrand Reinhold Company, 1970. 

Concise Encyclopedia of Chemical Technol¬ 
ogy. John Wiley & Sons, 1985. 

Kaufman, Morris. Giant Molecules: The 
Technology of Plastics, Fibers, and Rubber. 
Doubleday and Company, Inc., 1968. 

Modern Plastics Encyclopedia, 1981-1982. 
McGraw-Hill, 1981. 

Richardson, Terry A. Industrial Plastics: 
Theory and Application. South-Western 
Publishing Co., 1983. 

Wolf, Nancy and Ellen Feldman. Plastics: 
America's Packaging Dilemma. Island 
Press, 1991. 

Periodicals 

Bak, David J. “Microcells Toughen Foam 
Sheet,” Design News. January 23, 1989, p. 
170. 

“Foam Technologies Eliminate CFCs, 
reduce VOCs,” Design News. November 20, 
1989, p. 34. 

Kirkman, Angela and Charles H. Kline. 
“Recycling Plastics Today,” Chemtech. 
October, 1991, pp. 606-614. 

Powell, Corey S. “Plastic Goes Green,” Sci¬ 
entific American. August 1990, p. 101. 

—Rose Secrest 
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Background 

Eyeglass lenses are glass or plastic optical 
items that fit inside eyewear frames to 
enhance and/or correct the wearer’s vision. 
The magnifying glass, invented in the early 
1200s, was the first optical lens used for 
enhancing vision. Made from a transparent 
quartz and beryl lens, the invention revealed 
the critical discovery that reflective surfaces 
ground to certain angles could enhance 
vision. Following this invention, Alessando 
di Spina introduced eyewear to the general 
populace. Due to the increasing demand for 
eyewear, quartz and beryl lenses were virtu¬ 
ally replaced by glass lenses. The convex 
lens was the first optical lens used in glasses 
to aid the correction of farsightedness, but 
other corrective lenses followed, including 
the concave lens for the correction of near¬ 
sightedness, and more complex lenses for the 
correction of astigmatism, as well as the 
invention of bifocals by Benjamin Franklin 
in 1784. 

More than 80 percent of all eyeglasses worn 
today have plastic lenses, but plastic lenses 
have not always been the lens of choice. The 
glass lens remained dominant until 1952, 
when plastic lenses were introduced. The 
plastic lens rapidly grew in popularity 
because the lens was lighter and less prone to 
breakage. Today, the manufacture of plastic 
eyeglass lenses far exceeds the manufacture 
of glass lenses, but the process has remained 
much the same for both types. Plastic as well 
as glass lenses are produced by successive 
stages of fine grinding, polishing, and shap¬ 
ing. While the same process is used to pro¬ 
duce lenses for telescopes, microscopes, 
binoculars, cameras, and various projectors, 
such lenses are usually larger and thicker and 


require greater precision and power. This 
article will focus on plastic eyeglass lenses. 

In the past, opticians relied on separate opti¬ 
cal laboratories to produce eyeglass lenses. 
Today, there are a number of full-service 
optical outlets that produce lenses for cus¬ 
tomers on-site. However, optical outlets do 
receive lens “blanks”—plastic pieces already 
formed to close-to-exact size with different 
curves ground into the front of the lens— 
from optical laboratories. Blanks with differ¬ 
ent curves are used for specific optical 
prescriptions. 

Raw Materials 

The plastic blanks received from optical lab¬ 
oratories are round pieces of plastic such as 
polycarbonate approximately .75 inch (1.9 
centimeters) thick or thicker and similar in 
size to eyeglass frames, though slightly 
larger. Most finished eyeglass lenses are 
ground to at least .25 inch (.63 centimeter), 
but this thickness may vary depending upon 
the particular optical prescription or 
“power” required. Other materials used to 
produce eyeglass lenses are: 

• Adhesive tape 

• A liquid with a lead alloy base 

• Metal 

• Dyes and tints 

Design 

Eyeglass lenses are designed in a variety of 
shapes to match eyeglass frames. The thick¬ 
ness and contour of each lens will vary 


More than 80 percent of 
all eyeglasses worn today 
have plastic lenses, but 
plastic lenses have not 
always been the lens of 
choice. The glass lens 
remained dominant until 
1952, when plastic lenses 
were introduced. The 
plastic lens rapidly grew in 
popularity because the 
lens was lighter and less 
prone to breakage. 
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After the lens blanks are received 
from the factory, the optical labora¬ 
tory technician selects the appropri¬ 
ate blanks and puts them in a 
lensometer. This is an instrument 
used to locate and mark the "optical 
center"—the point that should be 
centered over the customer's 
pupil—of the lens blanks. 


depending on the extent and type of correc¬ 
tion required. In addition, the bevel sur¬ 
rounding the edge of the lenses will be 
designed to hold the lenses in the desired 
eyeglass frames, and some lenses, such as 
those for metal and rimless frames, will 
require more detailed edging to fit securely 
in the frames. 

Convex and concave lenses, known as spher¬ 
ical lenses, require one ground curve per 
lens, while more curves are required to cor¬ 
rect astigmatism. The degree and angle of the 
curve or curves in a lens determines its opti¬ 
cal strength. 

Various lens treatments and tints are added 
after the lenses are shaped but before they are 
inserted in frames. The coatings are added by 
dipping the lenses into heated metal bins 
filled with the treatment or tint. The treat¬ 
ments and tints available include various 
sunglass tints and colors, ultraviolet light 
tints, durability and impact-resistant treat¬ 
ments, and scratch-resistant treatments. 
Among the latest advances in tints is the 
light-sensitive tint, which combines the 
advantages of regular clear lenses with the 
protection of sunglasses. These lenses adjust 
to the amount of sunlight being radiated, thus 
providing sun protection when needed. 


Various grades of plastic are used for eye 
wear, but the most popular is the “Feather¬ 
weight,” an impact-resistant polycarbonate 
plastic. This type of plastic lens is more 
durable and 30 percent thinner and lighter 
than regular plastic lenses. It is also the more 
expensive lens. Other lens types include the 
standard “CR 39” trade name plastic lens— 
CR 39 is a monomer plastic—and the “High 
Index” plastic lens, which is 20 percent thin¬ 
ner and lighter than ordinary plastic lenses. 

The Manufacturing 
Process 

The following procedure assumes the plastic 
lenses are being made at an optical laboratory. 

I The optical laboratory technician inputs 
the optical prescription for a pair of plas¬ 
tic lenses in the laboratory’s computer. The 
computer then provides a printout specifying 
more information necessary for producing 
the required prescription. 

2 Based on this information, the technician 
selects the appropriate plastic lens 
blanks. Each blank is placed in a prescrip¬ 
tion tray along with the customer’s eyeglass 
frames and the original work order. The pre¬ 
scription tray will remain with the technician 
throughout the production process. 
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The plastic blanks have different curves 
already ground into the front of them; there¬ 
fore, the technician must select the blank that 
corresponds to the optical prescription 
required for each lens. The rest of the optical 
prescription, or power, must be ground into 
the back of the lens. 

Blocking 

3 The technician places the lenses in a 
lensometer, an instrument used to locate 
and mark the “optical center”—the point that 
should be centered over the customer’s 
pupil—of the lens blanks. Next, adhesive 
tape is affixed to the front of each blank to 
keep the front from being scratched during 
the “blocking” process. The technician then 
places one lens blank at a time in a “blocker” 
machine, which contains a heated lead alloy 


that fuses the block to the front of the blank. 
The blocks are used to hold each lens in 
place during the grinding and polishing 
processes. 

4 Next, the technician places each blank 
into a generator, a grinding machine that 
is set for the optical prescription. The gener¬ 
ator grinds the appropriate optical curves into 
the back of each lens. After this step, the 
lenses must be “fined,” or polished. 

Polishing 

The technician selects a metal lens lap — 
a mold corresponding to the required 
optical prescription of the lens, and both 
lenses are placed in the fining machine with 
the back of each lens in the appropriate lap. 
The front of each lens is then polished in a 



Although the appropriate curves 
have already been ground into the 
front of the lens, the technician must 
still grind curves into the back of the 
lens. This is done in a curve genera¬ 
tor. After polishing the lenses, they 
are put in an edge grinder, which 
grinds each lens to its proper shape 
and places a bevel around the edge 
so that the lens will fit the eyeglass 
frames. Following any necessary 
tint applications, the lens are put 
into the frames. 
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series of fining operations. First, each lens is 
rubbed against an abrasive fining pad made 
of soft sandpaper. After a second fining pad 
made of a smooth plastic is placed over the 
original sandpaper pad, the lens is polished 
again, as the fining machine rotates the pads 
in a circular motion while water flows over 
the lenses. After the initial fining process is 
completed, the two pads are peeled off and 
thrown away. 

6 Next, the laps are removed from each 
lens and soaked in hot water for a few 
moments. The laps are then attached back on 
the lenses and placed in the fining machine, 
where the third and final fining pad is 
attached. The fining machine rotates the pads 
in a circular motion while a polishing com¬ 
pound consisting of aluminum oxide, water, 
and polymers flows over the lenses. 

7 The lenses are removed from the fining 
machine, and the block attached to each 
lens is gently detached with a small hammer. 
Then, the tape is removed from each lens by 
hand. The laps are sterilized before they are 
used to hold other lenses. 

8 Each lens is marked “L” or “R” with a red 
grease pencil, indicating which is the left 
and right lens. After the lenses are again 
placed in the lensometer to check and mark 
the optical center and inspect the other curves 
necessary for the proper optical prescription, 
a leap pad —a small, round metal holder—is 
then affixed to the back of each lens. 

Beveling 

9 Next, the technician selects the lens pat¬ 
tern that matches the shape of the eye¬ 
glass frames and inserts the pattern and the 
lenses into an edging machine. The machine 
grinds each lens to its proper shape and places 
a bevel around the edge of the lens so that the 
lens will fit the eyeglass frames. Water flows 
over the lens throughout this process. 

If the lenses require additional grind¬ 
ing, the process is done by hand using 
a mounted power grinder. This step is neces¬ 
sary for lenses to be inserted in metal or rim¬ 
less frames, which require more precise 
bevels. 

Finally, the lenses are dipped into the 
desired treatment or tint container. 


After drying, the eyeglass lenses are ready 
for insertion in the desired frames. The opti¬ 
cal laboratory may send the lenses back to 
the optical outlet without the frames, in 
which case the optical outlet will insert the 
lenses in the frames. 

Byproducts 

Byproducts or waste from the manufacturing 
process include plastic dust or fine shavings 
and a liquid polishing compound consisting 
of aluminum oxide, water, and polymers. 
The waste material is placed in metal bins for 
48 hours along with sanitation compounds 
(vermiculite of cat litter) before disposal. 

Quality Control 

Plastic eyeglass lenses must meet rigid stan¬ 
dards set by the American National Stan¬ 
dards Institute and the Food and Drug 
Administration (FDA). In addition, all 
licensed optical laboratories belong to the 
National Optical Association, which requires 
strict adherence to prescribed guidelines 
regarding quality and safety. 

Throughout the normal production process, 
plastic lenses undergo four basic inspections. 
Three of these inspections occur in the labo¬ 
ratory and the fourth occurs at the optical 
outlet before the eyeglasses are given to a 
customer. Other periodic inspections may 
also be advised. The four inspections involve 
checking the optical prescription prior to the 
production process and verifying the optical 
center placement; visually checking lenses 
for scratches, chips, rough edges, or other 
blemishes; visually checking the optical pre¬ 
scription before the lenses are viewed in the 
lensometer, and verifying optics while the 
lenses are in the lensometer; and measuring 
and verifying frame alignment with a ruler. 

Where To Learn More 

Books 

Impact Resistant Lenses: Questions and 
Answers. U.S. Department of Health and 
Human Services, 1987. 

Periodicals and Pamphlets 

"High-Speed Spindles Aid in Fabricating 
Plastic Eyeglass Frames with Special Fin- 
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ishes.” Plastics Design & Processing. 
December 1983/January 1984, p. 21. 

How Your Eyeglasses Are Made. Optical 
Laboratories Association. 

Krasnow, Stefanie. “Athletic Specs: The 
Eyes Have It.” Sport. August, 1987, p. 97. 


More Than Meets the Eye. Optical Laborato¬ 
ries Association. 

“Plastic Beats Acrylic for Lenses.” Design 
News. August 18, 1986, p. 29. 

—Greg Ling 
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File Cabinet 


Some file cabinets are 
built to be fireproof. Such 
cabinets are heavier 
because their walls are 
built with special 
encapsulated chambers 
filled with vermiculite and 
several gallons of water. 
When the file cabinet is 
heated by fire, the 
vermiculite melts and the 
water turns into steam, 
thereby accepting the heat 
and keeping the 
documents cool. 


Background 

A file cabinet is a piece of office furniture 
characterized by drawers that hold papers in 
vertically placed folders. While such cabi¬ 
nets are mainly used to store documents, they 
also facilitate organizing, removing, and 
using such documents. 

Since the earliest use of written records, it 
has been necessary to organize and store 
information. Ancient methods of filing 
included clay tablets that were kept in 
libraries, and leather or papyrus scrolls that 
were sealed in stone or earthenware vessels. 
Other filing methods developed later. Some¬ 
times records were simply kept on shelves. 
During the late Middle Ages, clerks used 
spindle files. These implements—basically 
sharp sticks attached to bases—resembled 
the metal prongs on which today’s small 
businesses might save receipts. Pigeonhole 
filing, in which bundles of papers were 
placed on shelves segmented into discrete 
cubicles, became appropriate for small scale, 
immediate access filing. In contrast, records 
not in daily use could be stored in boxes or 
trunks. People could also use a letterpress to 
copy receipts and letters into a copybook, 
and a strongbox to save valuable documents. 

To meet the demands of growing businesses 
during the late 1800s, several methods of fil¬ 
ing were developed, among them the bel¬ 
lows, box, and Shannon files. These devices 
were noted to organize material, either 
chronologically or alphabetically, in small 
containers that could be easily opened. In 
1868 the first cabinet equipped with drawers 
became available, but because the papers 
were laid flat, retrieval was cumbersome. 


Vertical files were introduced at the 1893 
World’s Fair in Chicago. Dr. Nathaniel S. 
Rosenau is credited with the idea, taken from 
the already existent vertical method of filing 
cards. Vertical files are the familiar file cab¬ 
inets of today. The earliest models were 
made from wood, but these were gradually 
replaced by steel vertical files in the twenti¬ 
eth century. While file cabinets are so com¬ 
mon and well-known that they are often 
considered the only or best way to file 
records, records management experts gener¬ 
ally agree that vertical files are useful only 
for small offices or household records. 

Other systems include shorter, wider, vertical 
files; open shelf files (similar to bookcases); 
and electronically controlled systems. In the 
1940s, the first motorized rotary card file 
system was invented. Motorized letter-size 
files soon followed, and a mechanized, hori¬ 
zontal, large wheel version becoming avail¬ 
able during the 1950s. In the ensuing 
decade, prompted by the growing demand 
for large vertical or open shelf files, a system 
was developed by which pushing a button 
could bring a shelf or drawer to eye level. 
Card files of the time used a system of 
punched cards: when the appropriate code 
was punched in, the desired file card would 
emerge. More recently, electro-optical scan¬ 
ning has made it possible to use scanners to 
find properly coded folders. 

Raw Materials 

A typical file cabinet consists of a case whose 
parts are uniformly made of 18-gauge steel; 
the bottom of the case may or may not be 
enclosed. Although some file cabinet cases, 
usually those produced for individual con¬ 
sumers, are made from oak, steel remains by 
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Part (-) PAINTING 




Wire 


far the most common material used for busi¬ 
ness file cabinets. Like the case, the compres¬ 
sor (the adjustable mechanism that moves 
back or forward to hold upright a larger or 
smaller number of files) is also made from 
steel, and both are usually painted. To ensure 
a lasting finish, a special epoxy paint is 
applied electrostatically. Epoxy paint is 
based on a synthetic resin whose strength 
derives from condensation polymers, mole¬ 
cules that form tight chains during the conden¬ 
sation process. Electrostatic painting entails 
applying paint with one charge to an object 
with the opposite charge; the difference in 
charges causes the paint to adhere tightly to 
the object. The cabinet’s accessories include 
handles and card label holders, both of which 
are likely to be made from anodized alu¬ 
minum. The sliding mechanism and ball 
bearings are usually steel, while the rollers 
are usually made from high density nylon. 

Some file cabinets are built to be fireproof. 
Such cabinets are heavier because their walls 
are built with special encapsulated chambers 
filled with vermiculite (a lightweight, highly 
water-absorbent clay mineral) and several 
gallons of water. When the file cabinet is 
heated by the presence of fire, the vermi¬ 
culite melts and the water turns into steam, 
thereby accepting the heat and keeping the 
documents cool. 


The Manufacturing 
Process 

Preparing the steel components 

I The 18-gauge steel from which most 
components of a file cabinet are made is 
bought in large quantities. It can reach the 
factory in coils 11.8 to 15.7 inches (.3 to .4 
meter) wide, or, for larger components such 
as the walls of the file cabinet, in sheets of 
several sizes: 9.8 by 12 feet or 8 by 9.8 feet 
(3 by 3.66 meters or 2.44 by 3 meters). 

2 To make small components such as com¬ 
pressors, a ribbon of steel from a coil is 
rolled onto a machine that cuts it with a die. 
To make shelves or dividers, the coils are 
unrolled and stamped in a press. To make the 
sides, top, and bottom of the file cabinet, the 
large sheets of steel are cut to size. Stronger 
portions of the cabinets, such as gussets, ribs, 
and end panels, are made simply by folding 
the steel one, two, or three times, depending 
on how much strength is desired, and pound¬ 
ing it to form thick, layered parts. 

Painting the components 

3 Two assembly lines, one for large parts, 
and the other for small parts, are set up for 
painting. To produce a superb finish, conven- 


After being die-cut or stamped to 
the proper size, the steel compo¬ 
nents are painted in an electrostatic 
process. The paint in the paint gun 
is given a positive charge, while the 
cabinet part is given a negative 
charge. The opposite charges cause 
the paint to adhere evenly to the 
cabinet surface. 

After painting, the components are 
welded together in a process known 
as spot welding. One electrode is 
placed on each part, and an electric 
current is passed between them. The 
heat generated by the current fuses 
the parts together. 
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A completed vertical file cabinet 
includes a compressor, a sliding 
mechanism, and a handle for each 
drawer. A quality cabinet will resist 
rust, drops, and impact. 



tional or, more often, epoxy paints are used in 
an electrostatic gun. This effective method 
disperses the paint in powdered form, yielding 
only one percent waste. Electrostatic painting 
works best in a vacuum, so a 23-inch (58- 
centimeter) area around the object to be 
painted is cleared. An aluminum wire runs 
from the paint gun to the cabinet in order to 
ground it. While the paint is given a positive 
charge, the component to be painted receives 
a negative charge. The gun then sends the 
paint out through a small, cupped head that 
rotates to cover all surfaces, even those that 
are not flat, evenly. After spraying, the parts 
are heated to secure the paint. The strong bond 
that forms between the differently charged 
paint and part results in a durable finish. 

W 'elding the cabinet components 

4 After being painted, the top, bottom, and 
sides of the cabinet are welded together. 
The parts are held steady in a jig, a device 
that resembles a vise. File cabinets are spot 


welded, meaning that welds are made at reg¬ 
ular intervals between two overlapping 
sheets of metal. During spot welding a low- 
voltage, high-current power source with two 
electrodes, one on each side of the joint, is 
placed on a spot, and pressure is applied. A 
current is generated between the two elec¬ 
trodes, and the resistance of the metal to the 
current generates heat that bonds the two 
sheets together. This method is also known 
as electrical resistance welding. 

Assembling the cabinet 

The slide mechanisms on which the 
drawers move are usually purchased 
from a specialty manufacturer and placed 
within holders that are bolted in place within 
the cabinet. The drawers are then assembled. 
Some components, such as the latch or the 
card label holder, are merely slipped into 
pre-cut holes in the steel and clamped into 
place. Other parts, such as the handle, are 
bolted into place. 
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Placed into corrugated cardboard car¬ 
tons, the completed file cabinets are 
shipped by common carrier to office supply 
stores and offices. 

Quality Control 

A file cabinet’s most obvious purpose is to 
store documents, but another less obvious 
function is to protect the documents from 
dust, water, light, drafts, and, in the case of 
fireproof file cabinets, fire. A quality file 
cabinet will resist rust, drops, and impact. 
Long, tightly packed rows of paper can 
weigh a lot: a full letter size file drawer can 
weigh approximately 260 to 310 pounds (120 
to 140 kilograms). A properly built file cabi¬ 
net can handle these loads. Drawer mecha¬ 
nisms must be in good working order 
throughout the lifetime of the file cabinet. 
The compressor must keep functioning to 
hold the papers tightly. The drawers must 
not open inadvertently, but they must open 
smoothly when unlatched (this requirement 
usually depends on the slide mechanism 
being lubricated twice a year). 

One method of testing involves the lengthy 
life-span of a file cabinet. The weight needed 
to open a drawer is determined using a spring 
scale. This weight is attached to the door, 
which is then opened and closed at least 
50,000 times to simulate twenty years of use. 

Tolerances and dimensions are also impor¬ 
tant in making file cabinets, because, while 
height, width, and depth dimensions may 
vary slightly from manufacturer to manufac¬ 
turer, the file cabinet must be built to con¬ 
form to the standard folder sizes. For easy 
retrieval, the drawer space for folders is usu¬ 
ally about one centimeter wider than a stan¬ 
dard folder. 

Fireproof file cabinets have a rating system 
that indicates the temperature range within 
which the documents will remain protected. 


At minimum, the documents will be safe at 
354 degrees Fahrenheit (177 degrees Cel¬ 
sius). Even at 1704 degrees Fahrenheit (927 
degrees Celsius), the documents will be safe 
for an hour. The ideal climate for documents 
would offer temperatures between 68 and 78 
degrees Fahrenheit (18-24 degrees Celsius) 
with relative humidity of 50 percent. 

The Future 

The latest trend in file cabinets is their possi¬ 
ble disappearance from computerized 
offices. Prognosticators of the 1960s and 
1970s envisioned paperless offices in which 
information would be neatly stored on—and 
easily retrievable from—space-saving com¬ 
puter floppy disks and databases. However, 
despite the prevalence of computers, as 
recently as 1990, fully 95 percent of all office 
documents were on paper, with one million 
pieces of paper per minute being created in 
the United States alone. At the present time, 
computers often seem to function as merely 
another means of generating paper, or hard 
copies. This familiarity with and preference 
for paper documents will, at least in the near 
future, necessitate the continued use of filing 
cabinets. 

Where To Learn More 

Books 

Arn, Joseph V. and Paula H. Titlow. 
Records Management for an Information 
Age. Delmar Publishers, 1991. 

Johnson, Mina M. and Norman F. Kallaus. 
Records Management. South-western Pub¬ 
lishing, 1967. 

Stewart, Jeffrey R., et al. Filing Systems and 
Records Management. McGraw-Hill, 1981. 

—Rose Secrest 
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Halons are up to ten times 
more effective in putting 
out fires than other 
chemicals. However, in 
1992, 87 nations around 
the world agreed to halt 
the manufacture of halon 
fire extinguishers by 
January I, 1994. This will 
eliminate a potential threat 
to the earth's protective 
ozone layer, which halon 
molecules interact with 
and destroy. 


Background 

The hand-held fire extinguisher is simply a 
pressure vessel from which is expelled a 
material (or agent) to put out a fire. The agent 
acts upon the chemistry of the fire by remov¬ 
ing one or more of the three elements neces¬ 
sary to maintain fire—commonly referred to 
as the fire triangle. The three sides of the fire 
triangle are fuel, heat, and oxygen. The 
agent acts to remove the heat by cooling the 
fuel or to produce a barrier between the fuel 
and the oxygen supply in the surrounding air. 
Once the fire triangle is broken, the fire goes 
out. Most agents have a lasting effect upon 
the fuel to reduce the possibility of rekin¬ 
dling. Generally, the agents applied are 
water, chemical foam, dry powder, halon, or 
carbon dioxide (CO 2 ). Unfortunately, no one 
agent is effective in fighting all types 
(classes) of fires. The type and environment 
of the combustible material determines the 
type of extinguisher to be kept nearby. 

History 

Fire extinguishers, in one form or another, 
have probably postdated fire by only a short 
time. The more practical and unitized extin¬ 
guisher now commonplace began as a pres¬ 
surized vessel that spewed forth water, and 
later, a combination of liquid elements. The 
older extinguishers comprised cylinders con¬ 
taining a solution of baking soda (sodium 
bicarbonate) and water. Inside, a vessel of 
sulfuric acid was positioned at the top of the 
body. This design had to be turned upside 
down to be activated, so that the acid spilled 
into the sodium bicarbonate solution and 
reacted chemically to form enough carbon 
dioxide to pressurize the body cylinder and 
drive out the water through a delivery pipe. 


This volatile device was improved by placing 
the acid in a glass bottle, designed to be bro¬ 
ken by a plunger set on the top of the cylin¬ 
der body or by a hammer striking a ring 
contraption on the side to release the acid. 
Cumbersome and sometimes ineffective, this 
design also required improvement. 

Design 

Aside from using different agents, manufac¬ 
turers of extinguishers generally use some 
type of pressurized vessel to store and dis¬ 
charge the extinguishing agent. The means 
by which each agent is discharged varies. 
Water fire extinguishers are pressurized with 
air to approximately 150 pounds per square 
inch (psi)—five times a car tire pressure— 
from a compressor. A squeeze-grip handle 
operates a spring-loaded valve threaded into 
the pressure cylinder. Inside, a pipe or “dip 
tube” extends to the bottom of the tank so 
that in the upright position, the opening of 
the tube is submerged. The water is released 
as a steady stream through a hose or nozzle, 
pushed out by the stored pressure above it. 

Water extinguishers of the “gas cartridge” 
type operate in much the same manner, but 
the pressure source is a small cartridge of 
carbon dioxide gas (CO 2 ) at 2,000 psi, rather 
than air. To operate a gas cartridge unit, the 
end of the extinguisher is struck against the 
floor, causing a pointed spike to pierce the 
cartridge, releasing the gas into the pressure 
vessel. The released CO 2 expands several 
hundred times its original volume, filling the 
gas space above the water. This pressurizes 
the cylinder and forces the water up through 
a dip-pipe and out through a hose or nozzle 
to be directed upon the fire. This design 
proved to be less prone to leakdown (loss of 
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pressure over time) than simply pressurizing 
the entire cylinder. 

In foam extinguishers, the chemical agent is 
generally held under stored pressure. In dry 
powder extinguishers, the chemicals can 
either be put under stored pressure, or a gas 
cartridge expeller can be used; the stored- 
pressure type is more widely used. In carbon 
dioxide extinguishers, the CO 2 is retained in 
liquid form under 800 to 900 psi and is “self- 
expelling,” meaning that no other element is 
needed to force the CO 2 out of the extin¬ 
guisher. In halon units, the chemical is also 
retained in liquid form under pressure, but a 
gas booster (usually nitrogen) is generally 
added to the vessel. 

Raw Materials 

Fire extinguishers can be divided into four 
classifications: Class A, Class B, Class C, and 
Class D. Each class corresponds to the type of 
fire the extinguisher is designed for, and, thus, 
the type of extinguishing agents used. Class A 
extinguishers are designed to fight wood and 
paper fires; Class B units fight contained 
flammable liquid fires; Class C extinguishers 
are designed to fight live electrical fires; and 
Class D units fight burning metal fires. 

Water has proven effective in extinguishers 
used against wood or paper fires (Class A). 
Water, however, is an electrical conductor. 
Naturally, for this reason, it is not safe as an 
agent to fight electrical fires where live cir¬ 
cuits are present (Class C). In addition, Class 
A extinguishers should not to be used in the 
event of flammable liquid fires (Class B), 
especially in tanks or vessels. Water can 
cause an explosion due to flammable liquids 
floating on the water and continuing to bum. 
Also, the forceful water stream can further 
splatter the burning liquid to other com¬ 
bustibles. One disadvantage of water extin¬ 
guishers is that the water often freezes inside 
the extinguisher at lower temperatures. For 
these reasons, foam, dry chemical, CO 2 , and 
halon types were developed. 

Foam, although water based, is effective 
against fires involving contained flammable 
liquids (Class B). A two-gallon (7.5 liters) 
extinguisher will produce about 16 gallons 
(60 liters) of thick, clinging foam that cools 
and smothers the fire. The agent itself is a 


proprietary compound developed by the vari¬ 
ous manufacturers and contains a small 
amount of propylene glycol to prevent freez¬ 
ing. It is contained as a mixture in a pressur¬ 
ized cylinder similar to the water type. Most 
aircraft carry this type of extinguisher. Foam 
can also be used on Class A fires. 

The dry powder agent was developed to 
reduce the electrical hazard of water, and 
thus is effective against Class C fires. (It can 
also be used against Class B fires.) The pow¬ 
der is finely divided sodium bicarbonate that 
is extremely free-flowing. This extinguisher, 
also equipped with a dip-tube and containing 
a pressurizing gas, can be either cartridge- 
operated or of the stored pressure type as dis¬ 
cussed above. Many specialized dry 
chemical extinguishers are also suitable for 
burning metal fires, or Class D. 

Carbon dioxide (CO 2 ) extinguishers, effec¬ 
tive against many flammable liquid and elec¬ 
trical fires (Class B and C), use CO 2 as both 
the agent and the pressurizing gas. The liqui¬ 
fied carbon dioxide, at a pressure that may 
exceed 800 psi depending on size and use, is 
expelled through a flared horn. Activating 
the squeeze-grip handle releases the CO 2 into 
the air, where it immediately forms a white, 
fluffy “snow.” The snow, along with the gas, 
substantially reduces the amount of oxygen 
in a small area around the fire. This suffo¬ 
cates the fire, while the snow clings to the 
fuel, cooling it below the combustion point. 
The greatest advantage to the CO 2 extin¬ 
guisher is the lack of permanent residue. The 
electrical apparatus that was on fire is then 
more likely to be able to be repaired. Unlike 
CO 2 “snow,” water, foam, and dry chemicals 
can ruin otherwise undamaged components. 

As extinguishing agents, halons are up to ten 
times more effective in putting out fires than 
other chemicals. Most halons are non-toxic 
and extremely fast and effective. Chemically 
inert, they are harmless to delicate equip¬ 
ment, including computer circuits, and leave 
no residue. The advantage of the halon over 
the CO 2 extinguisher is that it is generally 
smaller and lighter. Halon is a liquid when 
under pressure, so it uses a dip-tube along 
with nitrogen as the pressurizing gas. 

Halon, at least in fire extinguishers, may soon 
become a footnote to history. In 1992, 87 
nations around the world agreed to halt the 
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manufacture of halon fire extinguishers by the chemical agent, machine the valve, and 
January 1, 1994. This will eliminate a poten- add the hardware, hose, or nozzle, 
tial threat to the earth’s protective ozone layer, 

which halon molecules—highly resistant to Creating the pressure vessel 

decomposition—interact with and destroy. _ , _ 

1 Pressure vessels are formed from puck- 

Most of the other elements of a fire extin- * sha P ed < disc ) blocks of s P ecial aluminum 

guisher are made of metal. The pressure ves- aH°y- Th e puck is first impact extruded on a 

sel is generally made of an aluminum alloy, lar § e P ress under g reat P ressure - In impact 

while the valve can either be steel or plastic. extrusion, the aluminum block is put into a die 

Other components, such as the actuating han- and rammed at ver y hi S h velocit y Wlth a metal 
die, safety pins, and mounting bracket, are tooL 11115 tremendous energy liquifies the alu- 

typically made of steel. minum and causes 11 t0 flow into a cavit y 

around the tool. The aluminum thus takes the 

form of an open-ended cylinder with consider- 
THe Manufacturing ably more volume than the original puck. 

Process 

Manufacture of the tank-type or cylinder fire Necking and spinning 

extinguisher requires several manufacturing O The necking process puts a dome on the 

operations to form the pressure vessel, load Z, open end of the cylinder by constricting 


Tlhe aluminum pressure vessel is 
made by impact extrusion. In this 
process, the aluminum block is put 
into a die and rammed at high 
velocity with a metal casting tool. 
The force liquifies the aluminum and 
causes it to flow into the cavity 
around the tool, thus forming the 
open-ended cylinder. 

This cylinder is then finished in 
necking and spinning processes, 
which form the open end of the 
cylinder. 
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the open end with another operation called 
spinning. Spinning gently rolls the metal 
together, increasing the wall thickness and 
reducing the diameter. After spinning, the 
threads are added. 

3 The vessel is hydrostatically tested, 
cleaned, and coated with a powdered 
paint. The vessel is then baked in an oven 
where the paint is cured. 


pins, and the mounting bracket. These parts 
are usually cold formed—formed at low tem¬ 
peratures—steel or sheet metal forms, pur¬ 
chased by the manufacturer from an outside 
vendor. Identification decals are also placed 
on the cylinder to identify the proper fire 
class rating as well as the suitability for 
recharging. Many of the economy versions 
are for one time use only and cannot be 
refilled. 


In a typical gas-cartridge extin¬ 
guisher, a spike pierces the gas car¬ 
tridge. The released gas expands 
quickly to fill the space above the 
water and pressurize the vessel. The 
water can then be pumped out of 
the extinguisher with the necessary 
force. 


Adding the extinguishing agent 

4 Next, the extinguishing agent is added. If 
the vessel is a “stored-pressure” type, the 
vessel is then pressurized accordingly. If a 
gas-cartridge is necessary to help expel the 
extinguishing agent, it is also inserted at this 
time. 

After the extinguishing element is added, 
the vessel is sealed and the valve is added. 
The valve consists of a machined body made 
of metal bar stock on a lathe, or a plastic 
injected molded part on the economy ver¬ 
sions. It must be leak free, and it must have 
provisions for threading into the cylinder. 

Final assembly 

The final manufacturing operation is the 
assembly of the actuating handle, safety 


Quality Control 

All fire extinguishers in the United States fall 
under the jurisdiction of the National Fire 
Protection Association (NFPA), Under¬ 
writer’s Laboratories, The Coast Guard, and 
other organizations such as the New York 
Fire Department. Manufacturers must regis¬ 
ter their design and submit samples for eval¬ 
uation before marketing an approved fire 
extinguisher. 

One of the most crucial checkpoints during 
the manufacturing process occurs after the 
extinguishing agent is added and the vessel 
sealed. It is extremely important that the 
cylinder not leak down the pressurizing gas, 
because that would render the extinguisher 
useless. To check for leaks, a boot is placed 
over the cylinder to serve as an accumulator. 
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A trace gas is released inside, and within two 
minutes any unacceptable rate of leakage can 
be recorded by sophisticated pressure and 
gas-detecting equipment. All extinguishers 
are leak tested. 

The Future 

With the gradual elimination of halon, a new, 
non-damaging agent will most likely replace 
the hazardous chemical within the next few 
years. In addition, new applications of the 
old designs are being seen; most prevalent 
are automatic heat and fire sensors that dis¬ 
charge the extinguisher without the need for 
an operator. 


Where To Learn More 

Books 

Fire Prevention Handbook. Butterworths, 
London, 1986. 

Mahoney, Gene. Introduction to Fire Appa¬ 
ratus & Equipment. 2nd ed., Fire Engineer¬ 
ing Books & Videos, 1986. 

Pamphlets 

Portable Fire Extinguishing Equipment in 
Family Dwellings & Living Units. National 
Fire Protection Association, 1992. 

—Douglas E. Betts and Peter Toeg 
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Background 

A floppy disk is a portable computer storage 
device that permits easy handling of data. 
Commonly used with personal computers, 
notebook computers, and word processors, 
such disks consist of flat, circular plates 
made of metal or plastic and coated with iron 
oxide. When a disk is inserted into the disk 
drive of a computer, information can be mag¬ 
netically imprinted on this coating, which 
will thereafter permit easy location and 
retrieval of the same data. 

Magnetic storage can be traced back to the 
1900 World’s Fair, where a Danish engineer 
named Valdemar Poulsen displayed a 
telegraphone. This machine contained steel 
wire on which Poulsen magnetically 
recorded a speech, thereby generating much 
interest in the scientific community and inau¬ 
gurating the use of magnetic storage media. 
In succeeding decades, a wide variety of 
magnetic recording devices were developed, 
including the floppy disk. Magnetic disks, 
first used to store data in 1962, initially pro¬ 
vided supplemental memory in high-speed 
computer systems. They were considered 
ideal for this type of retrieval because a user 
could access information nonsequentially 
(unlike, for example, a cassette on which a 
listener has to play through all preceding 
material to reach a desired point). 

Floppy disks—smaller, more flexible, 
portable versions of the earlier magnetic 
disks—were introduced during the 1970s. 
Although they cannot store as much data as 
convential disks and the data cannot be 
retrieved as easily, floppy disks have become 
extremely popular in situations where flexi¬ 
bility, low cost, and easy use are important. 


Today, the floppy disk has become an indis¬ 
pensable tool for people working with per¬ 
sonal computers and word processors. 

The principle of magnetic recording is fairly 
simple. The magnetic recording (writing) 
and playback (reading) are carried out by a 
computer’s disk drive, whose function cor¬ 
responds broadly to that of an audio record 
player. Data transferred from the computer 
to the floppy disk is relayed in the form of a 
binary code and received in the form of 
magnetic pulses, while the disk in turn con¬ 
veys magnetic patterns that the computer 
receives as a binary code. This code uses 
only l’s and 0’s, which the disk represents 
as single magnetic pulses and the absences 
of pulses, respectively. Binary code is used 
because it most effectively utilizes the nat¬ 
ural two-state characteristics of electricity 
and magnetism. 

To record information on a disk, a magnetic 
head contacts the disk’s recording surface 
and magnetically imprints data onto it, trans¬ 
lating the computer’s binary codes into the 
disk’s magnetic pulses. Once a magnetic 
pattern consisting of many pulses and 
absences has been recorded, the disk retains 
the encoded information just like a perma¬ 
nent magnet. Retrieving info from the disk 
involves the opposite process. The magnetic 
head senses the magnetic pattern on the 
disk’s recorded surface and converts it back 
into an electronic binary code. The computer 
then “reads” this information, using it to per¬ 
form calculations or translating it into letters 
and figures for display on the monitor. 

Floppy disks are currently offered in three 
sizes: an 8-inch (20.32 centimeters) version, a 
5 1/4-inch (3.34 centimeters) version, and a 3 


Floppy disks were 
introduced during the 
1970s. Although they 
cannot store as much data 
as conventional disks and 
the data cannot be 
retrieved as easily, floppy 
disks have become 
extremely popular in 
situations where flexibility, 
low cost, and easy use are 
important. 
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A 3 1/2-inch floppy disk contains 
several layers of liner and recording 
media sandwiched between two 
hard plastic cases. The hub is a 
stainless steel piece that accurately 
centers the disk on the drive shaft. 
The shutter, also stainless steel, pro¬ 
tects the recording media. 



1/2-inch (8.89 centimeters) micro-version. 
The storage capacities on an 8-inch disk range 
from 250 kilobytes (roughly 250,000 charac¬ 
ters) to 1.6 megabytes (roughly 1.6 million 
characters), on a 5 1/4-inch disk from 250 
kilobytes to 1.6 megabytes, and on a 3 1/2- 
inch disk from 500 kilobytes to 2 megabytes. 


cial-purpose, non-woven, anti-static fabric 
that is laminated to the PVC during manufac¬ 
ture. The liner continually cleans the disk by 
removing debris from the surface of the 
media. The recording media is a pliable layer 
of Mylar—a polyester film that is a trademark 
of the Du Pont Corporation—that is only 
0.003 inches (0.007 centimeters) thick. 

The 3 1/2-inch floppy disk has many differ¬ 
ent components. It is enclosed in a hard plas¬ 
tic cartridge that protects it from physical 
damage. The liner consists of a special-pur¬ 
pose fabric similar to that used for 8-inch and 
5 1 /4-inch disks, and the recording media is 
likewise a Mylar base 0.003 inches thick. 
The hub, which accurately centers the disk 
on the drive shaft, is made of stainless steel 
and attached to the media with an adhesive 
ring. The button that separates the two sides 
of the shell so the media can move freely 
inside is made of high-density plastic. The 
write protect tab, which prevents data from 
being mistakenly recorded or erased, is plas¬ 
tic. The wiper tab, also plastic, puts pressure 
on the liner to allow uniform and continuous 
cleaning. The spring-loaded shutter, which 
protects the media, is made of stainless steel. 

The Manufacturing 
Process 

The manufacture of a floppy disk takes place 
in three phases. First, the disk itself is made, 
then the case is made, and finally the two are 
assembled. The procedure for 8- and 5 1/4- 
inch disks differs slightly from that for the 3 
1/2-inch model. 


Each type of floppy disk is further identified 
according to its recording density. A single¬ 
sided disk can store data on one side only, 
while a double-sided disk can store data on 
both sides. Double density disks can store 
twice as much data as single density disks, 
and high density disks have a special coating 
that enables them to store even more data. 

Raw Materials 

All 8-inch and 5 1/4-inch disks have three 
major components—the jacket, the liner, and 
the recording media. The jacket is made of a 
vinyl polymer, polyvinyl chloride (PVC), to 
protect the media against physical damage 
that might be caused by handling and storage. 
Inside the jacket, the liner consists of a spe¬ 


Dislc manufacture 

1 First, the recording media (Mylar), in the 
form of stock roll, is coated with an 
extremely fine layer of iron oxide. The thick¬ 
ness of this layer depends on the size of the 
disk and the type of density. For instance, the 
layer thickness is 110 microinches for 8- 
inch, high-density diskettes and 35 
microinches for 3 1/2-inch high density 
disks. The coating for standard density 
diskettes is thicker than that for high density 
diskettes and is less coercive, meaning that it 
has less magnetic force. 

2 Next, the coated film is slit and appropri¬ 
ate size disks are punched out with an 
automatic device similar to a cookie cutter. 
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8 - INCH AND 5 V 4 - INCH 
DISK COMPONENTS 




Media 



— Iron oxide 

Y////////Z Mylar 


The makeup of 8-inch and 5 174- 
inch diskettes is the same. Both con¬ 
tain a recording media, a protective 
liner made of nonwoven fabric, and 
a soft plastic (PVC) jacket. The 
recording media consists of Mylar 
plastic with a coating layer of iron 
oxide. 


Each disk is then burnished or polished 
according to the required specifications and 
standards. 8- and 5 1/4-inch disks are now 
ready for insertion into jackets. For 3 1/2- 
inch disks, a stainless steel hub is attached to 
the media with an adhesive ring. 3 1/2-inch 
disks are now ready for insertion into their 
plastic cases. 

Jacket and case manufacture 

The jackets of the 8-inch and 5 1/4-inch 
disks are cut out of polyvinyl chloride 
(PVC) stock to appropriate size, and the fab¬ 
ric liners laminated to them. Each jacket is 
then punched to appropriate hole and notch 
configuration. The drive spindle hole in the 
middle helps to center the disk in the disk 
drive. The index hole, when aligned with an 
index hole punched in the media, permits the 
drive to locate the beginning of each segment 
of data. The long, thin, oval hole, also called 
the head access hole, is used by the magnetic 
head to come in direct contact with the media. 


The write protect notch prevents data from 
mistakenly being recorded or erased. The 
relief notches keep the lower end of the head 
access hole from bending. After the apertures 
have been punched, the jacket is folded three 
ways, with only the top flap left open. The 
jackets are now ready for assembly. 

4 The case or shell of 3 1/2-inch disks is 
molded out of hard plastic. It has a rec¬ 
tangular head access slot. The lower shell of 
the case is assembled with the button, the 
wiper tab, the write protect tab and the fabric 
liner. The upper shell is affixed with upper 
fabric liner. The spring-loaded shutter 
assembly is now attached and the two shells 
are connected at the top two comers. The 
cases are now ready for assembly. 

Disk and case assembly 

For 8- and 5 1/4-inch disks, the media is 
inserted into the jacket through the top. 
Each disk then undergoes comprehensive 
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8 inch 



Shutter 


This diagram shows fully assembled 
floppy disks in all 3 sizes. The relief 
notches on the 8-inch and 5 174- 
inch disks keep the head access 
hole from bending. This is important 
because the computer disk drive 
uses the head access hole to come 
in direct contact with the recording 
media. The index hole allows the 
disk drive to locate the beginning of 
each segment of data, while the 
drive spindle hole is used by the 
disk drive to center the recording 
media. 


electrical and mechanical testing and certifi¬ 
cation. After the top of the jacket, which had 
been left open, is folded, disk assembly is 
complete. Each disk is then given a final 
visual inspection before being labeled and 
packaged for shipment. 

Assembly of 3 1/2-inch disks is very sim¬ 
ilar. First, the prepared media is inserted 
into the shell, and then the disk is tested and 
certified. The two shells are now welded at 
the bottom two comers and the assembly is 
complete. Each disk is given a final visual 
inspection and then labeled and packaged for 
shipment. 

Quality Control 

A floppy disk is a delicate device that must 
faithfully and accurately record and play back 
the information stored on its recording media. 
Dust and scratches on the disk surface must be 
carefully avoided during the manufacturing 
process, as even the smallest imperfection can 
cause writing and reading errors. The manu¬ 
facturing operation must be performed in a 
clean environment. As much of the process as 
possible is performed automatically, to mini¬ 
mize human contact with the disks. 

Quality control points are built into the 
process flow after each major operation. 


First, the coating mix is checked for proper 
viscosity and dispersion. Once the coating is 
applied, it is checked for thickness, surface 
tension, durability and coercivity. Punched- 
out disks are checked for proper dimensions 
and hole configurations. The semi-assem¬ 
bled cases for 3 1/2-inch disks are checked 
for proper dimensions, parts placement, shut¬ 
ter assembly function and appearance. The 
semi-assembled jackets for the 8-inch and 5 
1/4-inch disks are checked for proper dimen¬ 
sions, hole and notch configuration, lamina¬ 
tion bonds, and appearance. 

After the media has been inserted in the case, 
each disk is rigorously tested and goes 
through a certification process. Electrical 
testing checks the various electrical parame¬ 
ters such as the recorded signal variance, 
recorded frequency and format verification. 
Mechanical testing checks the various 
mechanical parameters such as weld 
strength, jacket durability, media durability, 
and dimensions. The certification process 
insures that there are no bad tracks on a disk 
(a track is the line the magnetic head follows 
in writing and reading data; collectively, the 
tracks form concentric circles). A disk that 
has been 100 percent certified has passed all 
tests on all tracks. Most manufacturers check 
every track of every disk and guarantee each 
disk error free. 
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The Future 

In recent years, optoelectronic memories and 
storage devices have gained popularity for 
audio and video recordings, and the same 
technology is now being applied to computer 
memories. An optical disk is similar to a 
conventional disk except that the storage 
medium is thicker. Because of this differ¬ 
ence, it is possible to record multiple images 
in one location on the disk. 

Optical disks capable of storing up to 20 
megabytes of data are already available, and 
research on higher-capacity disk technology 
is in progress. A recent experiment with a 2 
1/2-inch (6.35 centimeters) disk showed that 
as many as 1000 frames could be superim¬ 
posed at one location on the disk. The storage 
capacity of the disk thus approaches about 
ten pixels, which is the equivalent of about 
ten hours of regular video. 

Such large storage density, combined with 
high data transfer rate and fast random 
access, makes optical memory a potential 
candidate for a wide range of applications 
such as image processing and database man¬ 


agement. The future of floppy disk clearly 
lies in optical memories. Indications are that 
practical applications might be available in 
the next three to five years. 

Where To Learn More 

Books 

Aronson, Susan. Diskette Reference 
Manual. 3M Data Storage Products Divi¬ 
sion, 1990. 

Periodicals 

Glass, Brett. “3 1 /2-inch Floppy Drives,” 
PC-Computing. August, 1990, p. 140. 

Gralla, Preston. “Floppy Disks and Drives,” 
PC-Computing. October, 1992, p. 324. 

Nimersheim, Jack. “Disk Anatomy,” Com¬ 
pute. January, 1990, p. 58. 

Psaltis, Dmitri. “Parallel Optical Memo¬ 
ries,” BYTE. September, 1992, pp. 179-182. 

—Rashid Riaz 
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About 65 percent of 
processed gold is used in 
the arts industry, mainly to 
make jewelry. Besides 
jewelry, gold is also used 
in the electrical, electronic, 
and ceramics industries. 

These industrial 
applications have grown 
in recent years and now 
occupy an estimated 25 
percent of the gold 
market. 


Background 

Gold, recognizable by its yellowish cast, is 
one of the oldest metals used by humans. As 
far back as the Neolithic period, humans have 
collected gold from stream beds, and the 
actual mining of gold can be traced as far back 
as 3500 B.c., when early Egyptians (the 
Sumerian culture of Mesopotamia) used 
mined gold to craft elaborate jewelry, reli¬ 
gious artifacts, and utensils such as goblets. 

Gold’s aesthetic properties combined with its 
physical properties have long made it a valu¬ 
able metal. Throughout history, gold has 
often been the cause of both conflict and 
adventure: the destruction of both the Aztec 
and Inca civilizations, for instance, and the 
early American gold rushes to Georgia, Cali¬ 
fornia, and Alaska. 

The largest deposit of gold can be found in 
South Africa in the Precambrian Witwater- 
srand Conglomerate. This deposit of gold ore 
is hundreds of miles across and more than 
two miles deep. It is estimated that two-thirds 
of the gold mined comes from South Africa. 
Other major producers of gold include Aus¬ 
tralia, the former Soviet Union, and the 
United States (Arizona, Colorado, California, 
Montana, Nevada, South Dakota, and Wash¬ 
ington). 

About 65 percent of processed gold is used in 
the arts industry, mainly to make jewelry. 
Besides jewelry, gold is also used in the elec¬ 
trical, electronic, and ceramics industries. 
These industrial applications have grown in 
recent years and now occupy an estimated 25 
percent of the gold market. The remaining 
percentage of mined gold is used to make a 
type of ruby colored glass called purple of 
Cassius, which is applied to office building 


windows to reduce the heat in the summer, 
and to mirrors used in space and in elec- 
troscopy so that they reflect the infrared 
spectrum. 

Physical Characteristics 

Gold, whose chemical symbol is Au , is mal¬ 
leable, ductile, and sectile, and its high ther¬ 
mal and electrical conductivity as well as its 
resistance to oxidation make its uses innu¬ 
merable. Malleability is the ability of gold 
and other metals to be pressed or hammered 
into thin sheets, 10 times as thin as a sheet of 
paper. These sheets are sometimes evapo¬ 
rated onto glass for infrared reflectivity, 
molded as fillings for teeth, or used as a coat¬ 
ing or plating for parts. Gold’s ability to be 
drawn into thin wire (ductility) enables it to 
be deposited onto circuits such as transistors 
and to be used as an industrial solder and 
brazing alloy. For example, gold wire is 
often used for integrated circuit electrical 
connections, for orthodontic and prosthetic 
appliances, and in jet engine fabrication. 

Gold’s one drawback for use in industry is 
that it is a relatively soft metal (sectile). To 
combat this weakness, gold is usually 
alloyed with another member of the metal 
family such as silver, copper, platinum, or 
nickel. Gold alloys are measured by karats 
(carats). A karat is a unit equal to 1/24 part 
of pure gold in an alloy. Thus, 24 karat (24K) 
gold is pure gold, while 18 karat gold is 18 
parts pure gold to 6 parts other metal. 

Extraction and Refining 

Gold is usually found in a pure state; how¬ 
ever, it can also be extracted from silver, 
copper, lead and zinc. Seawater can also 
contain gold, but in insufficient quantities to 
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Gold is generally found in two types 
of deposits: lode (vein) or placer 
deposits. It is usually extracted from 
lode deposits by drilling or blasting, 
whereas placer deposits require 
hydraulic mining, dredging, or 
power shoveling. Once extracted, 
the gold ore is pulverized to pre¬ 
pare it for refining. 


be profitably extracted—up to one-fortieth 
(1/40) of a grain of gold per ton of water. 
Gold is generally found in two types of 
deposits: lode (vein) or placer deposits; the 
mining technique used to extract the gold 
depends upon the type of deposit. Once 
extracted, the gold is refined with one of four 
main processes: floatation, amalgamation, 
cyanidation, or carbon-in-pulp. Each process 
relies on the initial grinding of the gold ore, 
and more than one process may be used on 
the same batch of gold ore. 

Mining 

I ln lode or vein deposits, the gold is mixed 
with another mineral, often quartz, in a 
vein that has filled a split in the surrounding 
rocks. Gold is obtained from lode deposits by 
drilling, blasting, or shoveling the surround¬ 
ing rock. 

Lode deposits often run deep underground. 
To mine underground, miners dig shafts into 
the ground along the vein. Using picks and 
small explosives, they then remove the gold 
ore from the surrounding rock. The gold ore 
is then gathered up and taken to a mill for 
refinement. 

2 Placer deposits contain large pieces of 
gold ore (nuggets) and grains of gold that 
have been washed downstream from a lode 
deposit and that are usually mixed with sand 
or gravel. The three main methods used to 
mine placer deposits are hydraulic mining, 
dredging, and power shoveling. All methods 
of placer deposit mining use gravity as the 
basic sorting force. 


In the first method, a machine called a 
“hydraulic giant” uses a high pressure stream 
of water to knock the gold ore off of banks 
containing the ore. The gold ore is then 
washed down into sluices or troughs that 
have grooves to catch the gold. 

Dredging and power shoveling involve the 
same techniques but work with different size 
buckets or shovels. In dredging, buckets on a 
conveyor line scoop sand, gravel, and gold 
ore from the bottom of streams. In power 
shoveling, huge machines act like shovels 
and scoop up large quantities of gold-bearing 
sand and gravel from stream beds. 

Hydraulic mining and dredging are outlawed 
in many countries because they are environ¬ 
mentally destructive to both land and 
streams. 

Grinding 

3 Once the gold ore has been mined, it usu¬ 
ally is washed and filtered at the mine as 
a preliminary refinement technique. It is then 
shipped to mills, where it is first combined 
with water and ground into smaller chunks. 
The resulting mixture is then further ground 
in a ball mill—a rotating cylindrical vessel 
that uses steel balls to pulverize the ore. 

Separating the gold from the ore 

The gold is then separated from the ore 
using one of several methods. Floatation 
involves the separation of gold from its ore 
by using certain chemicals and air. The 
finely ground ore is dumped into a solution 
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Floatation, cyanidation, and the 
carbon-in-pulp method are 3 
processes used to refine gold. They 
can be used alone or in combina¬ 
tion with one another. 


that contains a frothing agent (which causes 
the water to foam), a collecting agent (which 
bonds onto the gold, forming an oily film 
that sticks to air bubbles), and a mixture of 
organic chemicals (which keep the other con¬ 
taminants from also bonding to the air bub¬ 
bles). The solution is then aerated—air 
bubbles are blown in—and the gold attaches 
to the air bubbles. The bubbles float to the 
top, and the gold is skimmed off. 

Cyanidation also involves using chemicals to 
separate the gold from its contaminants. In 
this process, the ground ore is placed in a tank 
containing a weak solution of cyanide. Next, 
zinc is added to the tank, causing a chemical 
reaction in which the end result is the precipi¬ 
tation (separation) of the gold from its ore. 
The gold precipitate is then separated from 
the cyanide solution in a filter press. A similar 


method is amalgamation, which uses the 
same process with different chemicals. First, 
a solution carries the ground ore over plates 
covered with mercury. The mercury attracts 
the gold, forming an alloy called an amalgam. 
The amalgam is then heated, causing the mer¬ 
cury to boil off as a gas and leaving behind 
the gold. The mercury is collected, recycled 
and used again in the same process. 

The carbon-in-pulp method also uses 
cyanide, but utilizes carbon instead of zinc to 
precipitate the gold. The first step is to mix 
the ground ore with water to form a pulp. 
Next, cyanide is added to dissolve the gold, 
and then carbon is added to bond with the 
gold. After the carbon particles are removed 
from the pulp, they are placed in a hot caustic 
(corrosive) carbon solution, which separates 
the gold from the carbon. 
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AMALGAMATION 



Flux 



Two other methods of gold refining 
are amalgamation and smelting. In 
amalgamation, the gold ore is dis¬ 
solved in solution and passed over 
mercury-covered plates to form a 
gold/mercury amalgam. When the 
amalgam is heated, the mercury 
boils off as a gas and leaves behind 
the gold. 

In smelting, the gold is heated with 
a chemical substance called "flux." 
The flux bonds with the contami¬ 
nants and floats on top of the gold. 
The flux-contaminant mixture (slag) 
is hauled away, leaving a gold pre¬ 
cipitate. 


If the gold is still not pure enough, it can 
be smelted. Smelting involves heating the 
gold with a chemical substance called flux. 
The flux bonds with the contaminants and 
floats on top of the melted gold. The gold is 
then cooled and allowed to harden in molds, 
and the flux-contaminant mixture (slag) is 
hauled away as a solid waste. 

The Future 

Because gold is a finite resource, its long¬ 
term future is limited. In the short term, how¬ 
ever, it will continue to find widespread use 
in jewelry and in industrial applications, 
especially in the electronics field. 

In the last few years, several companies have 
focused on extracting gold from sulphide ore 
rather than oxide ore. Previous techniques 
made such extraction difficult and expensive, 
but a newer technique called bioleaching has 
made extraction more feasible. The process 


involves combining the sulphide ore with 
special bacteria that “eat” the ore or break it 
down into a more manageable form. 

Where To Learn More 

Books 

Coombs, Charles. Gold and Other Precious 
Metals. Morrow Publishing, 1981. 

Gasparrini, Claudia. Gold & Other Precious 
Metals: From Ore to Market. Springer-Ver- 
lag, 1993. 

Green, Timothy. The World of Gold. Walker 
Publishing, 1968. 

Hawkins, Clint. Gold <£ Lead. Harper- 
Collins, 1993. 

Lye, Keith. Spotlight on Gold. Rourke Enter¬ 
prises, 1988. 
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McCracken, Dave. Gold Mining in the Nine¬ 
teen Nineties: The Complete Book of Modem 
Gold Mining Procedure. New Era Publica¬ 
tions, 1993. 

Wise, Edmund, ed. Gold: Recovery, Proper¬ 
ties, and Applications. Van Nostrand, 1964. 

Periodicals 

Abelson, Philip H. “Gold.” Science. July 11, 
1986, p. 141. 


Dworetzky, Tom. “Gold Bugs.” Discover. 
March, 1988, p. 32. 

“Some Like It Hot.” Economist. June 25, 
1988, p.88. 

“Mining with Microbes: A Labor of Bug.” 
Science News. April 14, 1990, p. 236. 

—Alicia Haley and Blaine Danley 
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Background 

A golf cart is an electric or gas-powered 
vehicle used to transport golfers and their 
equipment around the course during play. 
Designed to meet golfers’ needs, the carts 
offer a number of specialized safety and 
comfort features. For example, the fact that 
they are built low to the ground gives them a 
low center of gravity, preventing spills when 
they are driven over uneven terrain. Many 
electric carts also come with portable bat¬ 
tery chargers. Often, the center of the steer¬ 
ing wheel (where the horn would be in a 
normal automobile) features a metal clip¬ 
board to which players can attach their score 
cards. The vehicles can be ordered with ball 
and cup holders, plastic enclosures to zip up 
in case of rain, sun canopies, and racks to 
hold bags, sweaters, and sand trap rakes. 
AM/FM radios and cassette players can be 
built into the dashboard, as can ashtrays and 
cigarette lighters. 

A number of country clubs began to develop 
private courses during the closing decades of 
the nineteenth century, and the United States 
Golf Association (USGA) was founded in 
1894. However, those American golfers who 
did not belong to clubs often played the game 
without designated courses until after World 
War II, using such sites as open fields, 
orchards, and cow pastures. The war’s end 
freed up earth-moving equipment for recre¬ 
ational use, and, as many more private and 
public courses were constructed, record 
numbers of Americans took up the game. 
The self-propelled golf cart as we know it 
today came into use in the early 1950s. In 
1953 only a few of the most exclusive golf 
clubs owned motor driven carts, but by 1959 
the little motor-driven carts could be seen 


just about everywhere. While caddies are 
still available at private clubs, and cost- or 
health-conscious players on public courses 
often prefer to carry their bags or rent hand- 
drawn carts, the power-driven cart has 
superceded both of these options. 

Raw Materials 

The frames of golf carts are usually made out 
of steel plates, rods, and tubing. The bodies 
may be made of sheet aluminum, fiber glass, 
or sheet steel. Other components, usually 
plastic or metal, are generally purchased 
from outside suppliers and assembled to the 
vehicle. These include components such as 
tires, which are made out of rubber; seat 
cushions, which typically consist of foam 
cushion covered by vinyl; steering mecha¬ 
nisms, made of metal; and motors, brakes, 
batteries, transaxles, suspensions, drive 
trains, and electrical cables. 

Design 

There is no standard design for a golf cart. 
Many choices must be made before the 
designer draws the first line. Should the body 
be made from steel, aluminum, fiber glass, or 
wood? Should it seat two, four, or six passen¬ 
gers? Is it to have an electric or a gasoline 
engine? Must the cart have a powerful 
engine and strong brakes to navigate hills, or 
a small engine to insure efficient operation? 
Once the capabilities, materials, and appear¬ 
ance are decided upon, a designer uses an 
integrated CAD/CAM (Computer Aided 
Design/Computer Aided Manufacturing) 
system to draw the cart and all its compo¬ 
nents on the computer screen. Next, the shop 
makes a prototype cart that will be used to 


Manufacturers may soon 
begin producing carts with 
video games built into 
their dashboards, to help 
players pass time while 
waiting at the tee. 
Similarly, video screens 
featuring a computer¬ 
generated layout of each 
hole with the location of 
the balls in play are also 
being examined. 
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The first step in golf cart manufac¬ 
ture is floor and body panel fabri¬ 
cation, which is done by sheet metal 
shearing or molding, depending on 
the material used. Next, the chassis 
or frame is made by cutting, bevel¬ 
ing, and arc-welding the tubular 
steel pieces. 


I 


Floor, body panel fabrication 


4 % 

Sheet metal shearing Molding 


I 


Chassis construction 


4 

Cutting and beveling 

I 

Arc-welding 


test the new design. If the design proves suc¬ 
cessful, the production system is set up and 
the manufacturing process begins. Gener¬ 
ally, once a design proves to be a good seller 
it will not be changed from year to year. 
There are few style trends in golf cart design: 
the vehicle is, after all, largely utilitarian. 


The Manufacturing 
Process 

Fabrication of floor and body panels 

I The floor and body panels are made of 
sheet steel, aluminum, or fiber glass. If 
sheet metal is used the metal is cut to size in 
a sheet metal shear, a machine that cuts it 
with giant scissors. It is then fed into a roll 
forming machine, which shapes the metal by 
passing it over contoured forming rolls. If 
fiber glass is the chosen material, the floor 
and body panels are formed as one piece by 
inserting layers of resin-coated fiber glass in 
a mold and allowing them to harden. 


Chassis construction and painting 

2 Tubular steel, which resembles square 
bicycle handlebars, is cut to size and the 
edges beveled (cut at an angle of less than 90 
degrees) to prepare them for welding. The 


cut, beveled pieces are then placed in a weld¬ 
ing fixture, and the chassis, or frame, is arc- 
welded. In this process, an electric current is 
fed out of the welding torch through a metal 
wire that is shielded by a concurrently emit¬ 
ted inert gas (usually argon or helium). As 
the wire melts, it joins the tubes to form the 
chassis. Next, the floor is welded in place, 
and the attaching hardware for the suspen¬ 
sion, motor, and body are arc-welded to the 
frame. At this point, the chassis may need to 
be straightened to adjust for stresses intro¬ 
duced into the steel tubing during welding. 
Once it is straight, the chassis and body pan¬ 
els are cleaned and painted with a rust-pre¬ 
ventive finish coating. 


Transaxle subassembly 

3 Next, the right and left side of the 
transaxle housing are fitted with bearings, 
gears, seals, and axle housings. Because of 
the close fits required for the bearings and 
gears, these parts must be manually installed 
with special assembly tools. For example, a 
special gauge is used to determine the size of 
the spacer required under the pinion gear. 
These spacers are used to set preload (pres¬ 
sure between the gear faces) and backlash 
(spacing between the gear faces). Next, the 
two mating surfaces of the transaxle housing 
are coated with an anaerobic sealant, which 
hardens in the absence of air, and bolted 
together. 

4 The axle shafts and bearings are then slid 
into the axle housings and locked in 
place. The transaxle access plate and gasket 
are positioned and bolted in place. Auto¬ 
adjusting, drum type mechanical brakes are 
then assembled to each end of the axle hous¬ 
ings. 


Battery charger assembly (electric- 
pov/ered carts only) 

5 The rear cover is snapped into the base 
plate. The transformer, which adjusts the 
direct current provided by the battery into an 
alternating current that is easier for the motor 
to use, is then bolted to the base plate. Next, 
the electric cable with plug, thermal switch, 
and DC Ammeter (used to measure the bat¬ 
tery’s direct current output) are wired in and 
attached. Finally, the wrap around and face 
cover are bolted in place. 
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Transaxle and chassis assembly 

The transaxle subassembly and the 
welded chassis are placed on a stand that 
is just the right height to allow the assembly 
personal to work in a upright position with a 
minimum of bending. The shock absorbers— 
oil filled cylinders that cushion the ride by 
displacing the oil when a bump is hit—are the 
first components bolted to the chassis, one at 
each wheel location. Next, the springs are 
bolted to the chassis, with multiple leaf 
springs at the front axles and coil springs at 
the rear. The transaxle and the chassis are 
joined together by pinning the shock 
absorbers to the transaxle. Prior to assembly, 
the coil springs must be compressed using a 
special fixture. The front axle bar may now 
be attached to the chassis by bolting the mul¬ 
tiple leaf springs to the front axle bar from the 


chassis. The front axle shafts are then bolted 
to each end of the front axle bar. To insure 
smooth movement, the wheel bearings are 
packed, meaning that grease is forced into the 
bearing until it comes out the other side. The 
wheel plate with studs is then installed. 

Installing other components 

7 The rack and pinion steering assembly is 
now bolted to the chassis and attached to 
the front axle shafts. The steering wheel and 
steering wheel shaft are then attached to the 
chassis and rack and pinion steering assem¬ 
bly. Next, the body panels are bolted to the 
chassis, and then the motor is installed. If the 
cart is to be electric-powered, a 36-volt direct 
current electric motor is bolted to the 
transaxle. If the cart is to be gasoline-pow¬ 
ered, an eight-horsepower gasoline engine is 



After the chassis and body panels 
are constructed, they are cleaned 
and painted. Next, the transaxle 
subassembly is bolted to the chassis. 
If the cart is an electric one, the bat¬ 
tery charger assembly is also added 
at this time. Finally, the steering 
assembly, motor, braking system, 
and battery are added, and seat 
cushions and canopy (if necessary) 
are added. 


2 7 1 




How Products Are Made, Volume 1 


bolted to the chassis. The continuously vari¬ 
able (CV) transmission is also bolted to the 
chassis. Belts are then installed to the drive 
pulleys of the engine, CV transmission, and 
transaxle. 

8 The brake pedal is installed. Brake cables 
are routed and attached to the pedal and 
rear brakes. The accelerator pedal is in¬ 
stalled, and the accelerator cable is attached 
to the pedal and the engine. Next, the electri¬ 
cal cables are routed and attached to the 
chassis. 

Fixtures 

9 The headlights, stoplights, and on-off key 
lock are installed and cables connected. 
Next, the battery rack is bolted in and the bat¬ 
teries installed: six six-volt batteries for the 
electric drive vehicle, or one twelve-volt bat¬ 
tery for the gasoline engine vehicle. A six 
gallon fuel tank is then installed in the gaso¬ 
line engine vehicle and a hose routed from 
the tank to the engine. The batteries are con¬ 
nected and the fuel tank filled. 

Final steps 

The seat cushions are installed and, if 
ordered, the canopy top, windshield, 
and storage baskets are attached. For deliv¬ 
ery in North America, there are no packaging 
requirements. Delivery is normally by truck. 
After being driven onto the truck, the golf 
carts have their fuel drained, their batteries 
disconnected, and their wheels blocked in 
place. Overseas shipments require that the 
golf cart be placed on a skid—a heavy wood 
or steel rack—to discourage shifting in tran¬ 
sit. 

Quality Control 

Quality control starts at the design develop¬ 
ment stage. Structural and fatigue tests are 
applied to the major components to assure 
that they will not break or wear out during 
normal usage. Once a prototype golf cart has 
been built, it is run on a mechanized track 
where it is subjected to shocks and severe 
vibration. Next, it is driven on a test track for 
hundreds of miles to test its endurance. 
Finally, the golf cart is placed in an environ¬ 
mental test chamber that is used to simulate 
actual weather conditions. 


Before manufacturing begins, quality assur¬ 
ance personnel visit suppliers to assure that 
their procedures will enable them to continue 
supplying high quality parts. Statistical 
Process Control (SPC) charts are kept and 
used to show that the processes are under 
control. These visits have eliminated the 
need to inspect parts as they are received at 
the plant. 

After the chassis is welded together, it is 
placed on a special fixture, where it is mea¬ 
sured with gauges to assure that it is not 
warped and checked to verify that all the 
parts are located properly. The paint on the 
body panels is checked for coating thickness 
using a contact gauge that will not damage 
the finished surface. The paint is also opti¬ 
cally compared with a standard chip to assure 
that the color is consistent. The transaxles are 
placed on a test stand, filled with oil, and run 
to check for leaks and noise level. After they 
are assembled, electrical cables are attached 
to Automatic Test Equipment (ATE) to 
check for shorts, resistance, and continuity. 
The battery chargers are checked for output 
and current draw. Additionally, the battery 
chargers must go through periodic checks to 
maintain their Underwriters Laboratory (UL) 
certification. Each gasoline engine is put on a 
dynamometer and run to check power output, 
operating temperature, and leakage. Fuel 
tanks are pressurized and placed under water 
to check for leaks. Every finished vehicle is 
tested for acceleration and breaking. 


Waste Disposal 

The manufacture of golf carts creates four 
major types of waste products: metal chips 
and contaminated coolant from the machin¬ 
ing operations, cardboard shipping materials, 
and paint overspray. Although difficult to 
collect and sort, metal chips can often be sold 
to recyclers. Contaminated coolant is just the 
opposite. It is easy to gather and difficult to 
dispose of. As the coolant is used it is conta¬ 
minated with tramp oil, lubricant that leaks 
out of machines. The coolant also supports 
bacterial growth. Some companies use hold¬ 
ing ponds to break down this bacteria in sun¬ 
light; they then recycle the coolant once the 
tramp oil has been filtered out. Most compa¬ 
nies, however, just pay to have the oil hauled 
away by a waste disposal company. 
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Cardboard shipping materials are taken to the 
local landfill, where the landfill operator is 
paid to bury or bum them. Some companies 
use recyclable containers made of steel or 
fiber glass to reduce the amount of cardboard 
waste, but these become a very expensive 
alternative when the return shipping costs are 
taken into account. Paint overspray and paint 
with an expired shelf life are considered 
toxic in many cases. To dispose of these 
materials the golf cart manufacturer must 
often pay many times the original cost of the 
paint to have it removed. 

The Future 

One technical innovation that may become 
available within the next ten years is a bat¬ 
tery that charges in minutes and works for 
many hours. Manufacturers may also begin 
producing carts with video games built into 
their dashboards, to help players pass time 
while waiting at the tee. Similarly, video 
screens featuring a computer-generated lay¬ 
out of each hole with the location of the balls 
in play are also being examined. 


Where To Learn More 

Books 

Peper, George. Golf in America: The First 
One Hundred Years. Harry N. Abrahms, 
1988. 

Rivele, Richard J. Chilton’s Total Car Care. 
Chilton Book Company, 1992. 

Shacket, Sheldon R. The Complete Book of 
Electric Vehicles. Domus Books, 1979. 

Traister, Robert J. All About Electric and 
Hybrid. TAB Books, 1982. 

Periodicals 

“Golf Cars.” Golf Magazine. March, 1989, p. 

212 . 

“Got Anything in a Beemer?” Los Angeles 
Magazine. October, 1988, p. 156. 

“Luxury on the Links.” Time. March 10, 
1986, p. 65. 

—Jim Wawrzyniak 
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Today, grinding wheels 
appear in nearly every 
manufacturing company in 
the United States, where 
they are used to cut steel 
and masonry block; to 
sharpen knives, drill bits, 
and many other tools; or 
to clean and prepare 
surfaces for painting or 
plating. 


Background 

Grinding wheels are made of natural or syn¬ 
thetic abrasive minerals bonded together in a 
matrix to form a wheel. While such tools 
may be familiar to those with home work¬ 
shops, the general public may not be aware 
of them because most have been developed 
and used by the manufacturing industry. In 
this sector, grinding wheels have been 
important for more than 150 years. 

For manufacturers, grinding wheels provide 
an efficient way to shape and finish metals 
and other materials. Abrasives are often the 
only way to create parts with precision 
dimensions and high-quality surface finishes. 
Today, grinding wheels appear in nearly 
every manufacturing company in the United 
States, where they are used to cut steel and 
masonry block; to sharpen knives, drill bits, 
and many other tools; or to clean and prepare 
surfaces for painting or plating. More specif¬ 
ically, the precision of automobile 
camshafts and jet engine rotors rests upon 
the use of grinding wheels. Quality bearings 
could not be produced without them, and 
new materials such as ceramic or material 
composites would be impossible without 
grinding wheels to shape and finish parts. 

Sandstone, an organic abrasive made of 
quartz grains held together in a natural 
cement, was probably the earliest abrasive; it 
was used to smooth and sharpen the flint on 
axes. By the early nineteenth century, emery 
(a natural mineral containing iron and corun¬ 
dum) was used to cut and shape metals. How¬ 
ever, emery’s variable quality and problems 
with importing it from India prior to its dis¬ 
covery in the United States prompted efforts 
to find a more reliable abrasive mineral. 


By the 1890s, the search had yielded silicon 
carbide, a synthetic mineral harder than 
corundum. Eventually, manufacturers fig¬ 
ured out how to produce an even better alter¬ 
native, synthetic corundum or aluminum 
oxide. In creating this bauxite derivative, 
they developed an abrasive material more 
reliable than both natural minerals and sili¬ 
con carbide. Research into synthetic minerals 
also led to production of the so-called 
superabrasives. Foremost in this category 
are synthetic diamonds and a mineral known 
as cubic boron nitride (CBN), second in 
hardness only to the synthetic diamond. 
Today, development continues, and a 
seeded-gel aluminum oxide has just been 
introduced. 

Throughout the grinding wheel’s history, the 
bond that holds the abrasive grains together 
has proven as important as the grains them¬ 
selves. The success of grinding wheels 
began in the early 1840s, when bonds con¬ 
taining rubber or clay were introduced, and 
by the 1870s a bond with a vitrified or glass¬ 
like structure was patented. Since then, 
bonds used in grinding wheels have been 
continually refined. 

Grinding wheels are available in a wide vari¬ 
ety of sizes, ranging from less than .25 inch 
(.63 centimeter) to several feet in diameter. 
They are also available in numerous shapes: 
flat disks, cylinders, cups, cones, and wheels 
with a profile cut into the periphery are just a 
few. Although many techniques, such as 
bonding a layer of abrasives to the surface of 
a metal wheel, are used to make grinding 
wheels, this discussion is limited to wheels 
composed of vitrified materials contained in 
a bonding matrix. 
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Mixing 

Ingredients Binder 



Abrasive grains 


To make a grinding wheel, the 
ingredients must first be mixed 
together. Some manufacturers sim¬ 
ply mix all materials in a single 
mixer. Others use separate steps to 
mix abrasive grains with binder, 
transfer the wet abrasive to a sec¬ 
ond mixer containing the powdered 
bonding materials, and tumble the 
mixture. Next, the wheel is formed 
in a molding step: the ingredient 
mix is poured into the mold and 
compacted by a hydraulic press. 


Raw Materials 

Two important components, abrasive grains 
and bonding materials, make up any grinding 
wheel. Often, additives are blended to create a 
wheel with the properties necessary to shape a 
particular material in the manner desired. 

Abrasive grains constitute the central compo¬ 
nent of any grinding wheel, and the hardness 
and friability of the grinding materials will 
significantly affect the behavior of a given 
wheel. Hardness is measured in terms of a 
relative scale developed in 1812 by a Ger¬ 
man mineralogist named Friedrich Mohs. On 
this scale, extremely soft talc and gypsum 
represent hardnesses of one and two, and 
corundum and diamond represent hardness 
of nine and ten. 

Friability refers to how easily a substance 
can be fractured or pulverized. People who 
design grinding wheels consider the friability 
of their abrasives—which can differ with the 


nature of the materials being ground—very 
carefully. For example, while diamond is the 
hardest known material, it is an undesirable 
steel abrasive because it undergoes a destruc¬ 
tive chemical reaction during the cutting 
process; the same is true of silicon carbide. 
On the other hand, aluminum oxide cuts 
irons and steels better than diamond and sili¬ 
con carbide, but it is less effective for cutting 
nonmetallic substances. 

If selected correctly, an abrasive chosen to 
shape a particular substance will retain its fri¬ 
ability when ground against that substance: 
because the grinding will cause the abrasive 
to continue fracturing along clean, sharp 
lines, it will maintain a sharp edge through¬ 
out the grinding process. This gives the 
grinding wheel the unique characteristic of 
being a tool that sharpens itself during use. 

Although bonded abrasives began as tools 
made from natural minerals, modem prod¬ 
ucts are made almost exclusively with syn¬ 
thetic materials. A bonding material holds 
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the abrasive grits in place and allows open 
space between them. Manufacturers of grind¬ 
ing wheels assign a hardness to the wheel, 
which should not be confused with the hard¬ 
ness of the abrasive grain. Bonds that allow 
abrasives grains to fracture easily are classi¬ 
fied as soil bonds. Bonds that restrict the 
fracturing of the grains and allow a wheel to 
withstand large forces are classified as hard 
bonds. Generally, soil wheels cut easily, pro¬ 
duce poor surface finishes, and have a short 
useful life. On the other hand, harder wheels 
last longer and produce finer surface fin¬ 
ishes, but cut less well and produce more 
heat during grinding. 

The bonding matrix in which the abrasive 
grains are fixed may include a variety of 
organic materials such as rubber, shellac or 
resin; inorganic materials such as clay are 
also used. Inorganic bonds with glass-like or 
vitreous structures are used on the tool- 
sharpening wheels for the home workshop 
grinder, while resin bonds are used in 
masonry or steel-cutting wheels. Generally, 
vitrified bonds are used with medium to fine 
grain sizes in wheels needed for precision 
work. Resin bonds are used generally with 
coarse grains and for heavy metal removal 
operations such as foundry work. 

In addition to their abrasive and bonding 
materials, grinding wheels often contain 
additional ingredients that produce pores 
within the wheel or assist chemically when a 
particular abrasive is used to grind a special 
material. One important aspect of a grinding 
wheel that can be created or altered through 
additives is porosity, which also contributes 
to the cutting characteristics of the grinding 
wheel. Porosity refers to the open spaces 
within the bond that allow room for small 
chips of metal and abrasive generated during 
the grinding process. Porosity also provides 
pathways that carry fluids used to control 
heat and improve the cutting characteristics 
of the abrasive grains. Without adequate 
porosity and spacing between abrasive 
grains, the wheel can become loaded with 
chips and cease to cut properly. 

A variety of products are used as additives to 
create proper porosity and spacing. In the 
past, sawdust, crushed nut shells, and coke 
were used, but today materials that vaporize 
during the firing step of manufacturing (for 
example, napthaline-wax) are preferred. 


Some grinding wheels receive additional 
materials that serve as aids to grinding. 
These include sulfur and chlorine com¬ 
pounds that inhibit microscopic welding of 
metal particles and generally improve metal¬ 
cutting properties. 

The Manufacturing 
Process 

Most grinding wheels are manufactured by 
the cold-press method, in which a mixture of 
components is pressed into shape at room 
temperature. The details of processes vary 
considerably depending upon the type of 
wheel and the practices of individual compa¬ 
nies. For mass production of small wheels, 
many portions of the process are automated. 

Mixing the ingredients 

1 Preparing the grinding wheel mixture 
begins with selecting precise quantities of 
abrasives, bond materials, and additives 
according to a specific formula. A binder, 
typically a water-based wetting agent in the 
case of vitrified wheels, is added to coat the 
abrasive grains; this coating improves the 
grains’ adhesion to the binder. The binder 
also helps the grinding wheel retain its shape 
until the bond is solidified. Some manufactur¬ 
ers simply mix all materials in a single mixer. 
Others use separate steps to mix abrasive 
grains with binder. 

Wheel manufacturers often spend consider¬ 
able effort to develop a satisfactory mixture. 
The blend must be free-flowing and distrib¬ 
ute grain evenly throughout the structure of 
the grinding wheel to assure uniform cutting 
action and minimal vibration as the wheel 
rotates during use. This is particularly impor¬ 
tant for large wheels, which may be as big as 
several feet in diameter, or for wheels that 
have a shape other than the familiar flat disk. 

Molding 

2 For the most common type of wheel, an 
annular disc, a predetermined amount of 
grinding wheel mixture is poured into a mold 
consisting of four pieces: a circular pin the 
size of the finished wheel’s arbor hole (its 
center hole); a shell with a 1-inch (2.5-cen¬ 
timeter) wall, about twice as high as the 
desired grinding wheel is thick; and two flat. 
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circular plates with diameter and arbor hole 
sizes equal to those of the wheel. A variety 
of methods are used to distribute the mixture 
evenly. Typically, a straight edge pivots 
about the center arbor pin to spread the mix¬ 
ture throughout the mold. 

3 Using pressures in the range of 100 to 
5000 pounds per square inch (psi) for 10 
to 30 seconds, a hydraulic press then com¬ 
pacts the mixture into the grinding wheel’s 
final shape. Some manufacturers use gage 
blocks between the two face plates to limit 
their movement and establish uniform thick¬ 
ness. Others control wheel thickness by 
closely monitoring the consistency of the 
mix and the force of the press. 

After the mold has been removed from 
the press and the wheel stripped from the 
mold, the wheel is placed on a flat, heat¬ 
proof carrier. Final shaping of the wheel may 
take place at this time. All work at this stage 
has to be done very carefully because the 
wheel is held together by only the temporary 
binder. Lighter wheels can be lifted by hand 
at this stage; heavier ones may be lifted with 
a hoist or carefully slid on a carrier to be 
transported to the kiln. 


Firing 

Generally, the purposes of the firing are 
to melt the binder around the abrasives 
and to convert it to a form that will resist the 
heat and solvents encountered during grind¬ 
ing. A wide range of furnaces and kilns are 
used to fire grinding wheels, and the temper¬ 
atures vary widely depending upon the type 
of bond. Wheels with a resin bond are typi¬ 
cally fired at a temperature of 300 to 400 
degrees Fahrenheit (149 to 204 degrees Cel¬ 
sius), and wheels with vitrified bonds are 
fired to temperatures between 1700 and 2300 
degrees Fahrenheit (927 to 1260 degrees Cel¬ 
sius). 

Finishing 

6 After firing, wheels are moved to a fin¬ 
ishing area, where arbor holes are reamed 
or cast to the specified size and the wheel cir¬ 
cumference is made concentric with the cen¬ 
ter. Steps may be necessary to correct 
thickness or parallelism of wheel sides, or to 
create special contours on the side or circum¬ 
ference of the wheel. Manufacturers also bal¬ 
ance large wheels to reduce the vibration that 
will be generated when the wheel is spun on 
a grinding machine. Once wheels have 




After molding and final shaping, 
the wheel is fired in an oven or fur¬ 
nace. Firing melts the binder 
around the abrasives and converts it 
to a form that will resist the heat and 
solvents encountered during grind¬ 
ing. Finishing steps that follow firing 
may include reaming the arbor 
(center) hole to the proper size, cor¬ 
recting the thickness of the wheel 
sides, balancing the wheel, and 
adding labels. 
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received labels and other markings, they are 
ready for shipment to the consumer. 

Quality Control 

There are no clear performance standards for 
grinding wheels. With the exception of those 
containing expensive abrasives such as dia¬ 
monds, grinding wheels are consumable 
items, and the rates of consumption vary 
considerably depending on application. 
However, a number of domestic and global 
standards are accepted, voluntarily, by manu¬ 
facturers. 

Trade organizations, which represent some 
manufacturers in the highly competitive U.S. 
market, have developed standards covering 
such matters as sizing of abrasive grains, 
labeling of abrasive products, and the safe 
use of grinding wheels. 

The extent to which grinding wheel quality is 
checked depends upon the size, cost, and 
eventual use of the wheels. Typically, wheel 
manufacturers monitor the quality of incom¬ 
ing raw materials and their production 
processes to assure product consistency. Spe¬ 
cial attention is given to wheels larger than 
six inches in diameter, because they have the 
potential to harm personnel and equipment if 
they break during use. Each large vitrified 
wheel is examined to determine the strength 
and integrity of the bonding system as well 
as the uniformity of grain through every 
wheel. Acoustical tests measure wheel stiff¬ 
ness; hardness tests assure correct hardness 
of bonds; and spin tests assure adequate 
strength. 

The Future 

Changes in manufacturing practices will 
determine the demand for various types of 
wheels in the future. For example, the trend 
in the steel industry towards continuous cast¬ 
ing as a way to make steel has greatly 
reduced that industry’s use of some types of 
grinding wheels. A push for greater produc¬ 
tivity by manufacturers is responsible for 
market projections showing a shift from 


wheels made of traditional aluminum oxide 
abrasives to wheels made of newer forms of 
synthetic abrasives such as the seeded-gel 
aluminum oxide and cubic boron nitride. 
Also, the use of advanced materials such as 
ceramics and composites will increase 
demands for newer types of grinding wheels. 
The transition to new abrasive minerals, 
however, is being impeded by the fact that 
much manufacturing equipment and many 
industrial procedures are still unable to make 
effective use of the newer (and more expen¬ 
sive products). Notwithstanding trends, tra¬ 
ditional abrasives are projected to continue 
serving many uses. 

However, competition from several alterna¬ 
tive technologies is likely to grow. Advances 
in cutting tools made of polycrystalline 
superabrasive materials—fine grain crys¬ 
talline materials made of diamond or cubic 
boron nitride—will make such tools a viable 
option for shaping hard materials. Also, 
advances in the chemical vapor deposition of 
diamond films will affect the need for abra¬ 
sives by lengthening the life of cutting tools 
and extending their capabilities. 

Where To Learn More 

Books 

Borkowski, J. Uses of Abrasives & Abrasive 
Tools. Prentice Hall, 1992. 

Burkar, W. Grinding & Polishing. State 
Mutual Book & Periodical Service, 1989. 

Hahn, Robert S. Handbook of Modern 
Grinding Technology. Chapman & Hall, 
1986. 

Salmon, Stuart C. Modern Grinding Process 
Technology. McGraw-Hill, 1992. 

Periodicals 

Murray, Charles J. “Retainer System Eases 
Wheel and Blade Replacement.” Design 
News. January 18, 1988, p. 104. 

—Theodore L. Giese 
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Background 

A member of the family of musical instru¬ 
ments called chordophones, the guitar is a 
stringed instrument with which sound is pro¬ 
duced by “plucking” a series of strings run¬ 
ning along the instrument’s body. While the 
strings are plucked with one hand, they are 
simultaneously fingered with the other hand 
against frets, which are metal strips located 
on the instrument’s neck. The subsequent 
sound is amplified through a resonating 
body. There are four general categories of 
acoustic (non-electric) guitars: flat-top steel¬ 
stringed, arched top, classic, and flamenco. 

References to guitar-like instruments date 
back many centuries, and virtually every 
society throughout history has been found to 
have used a variation of the instrument. The 
forerunner of today’s guitars were single¬ 
string bows developed during early human 
history. In sections of Asia and Africa, bows 
of this type have been unearthed in archaeo¬ 
logical digs of ancient civilizations. Interest¬ 
ingly, one of these discoveries included an 
ancient Hittite carving—dating back more 
than 3,000 years—that depicted an instru¬ 
ment bearing many of the same features of 
today’s guitar: the curves of the body, a flat 
top with an incurred arc of five sound holes 
on either side, and a long fretted neck that ran 
the entire length of the body. 

As music technology developed, more strings 
were added to the early guitars. A four-string 
variety (named guitarra latina) existed in 
Spain in the late thirteenth century. The gui¬ 
tarra latina closely resembled the ancient Hit¬ 
tite carving except that the instrument now 
included a bridge that held the strings as they 


passed over the soundhole. When a fifth 
string was added in the early sixteenth cen¬ 
tury, the guitar’s popularity exploded. A sixth 
string (bass E) was added near the end of 
1700s, an evolution that brought the instru¬ 
ment closer to its present day functioning. 
The Carulli guitar of 1810 was one of the first 
to have six single strings tuned to notes in the 
present arrangement: E A D G B E. 

Guitar technology finally made its way to the 
United States in the early nineteenth century, 
with Charles Friedrich Martin, a German 
guitar maker who emigrated to New York in 
1833, leading the way. In the early 1900s, the 
Martin Company—now located in Nazareth, 
Pennsylvania—produced larger guitars that 
still adhered to the design of the classic mod¬ 
els, especially the Spanish guitar. Another 
company, the Gibson company, followed 
suit and began to produce large steel-string 
guitars with arched fronts and backs. Known 
as the cello guitar, this brand of instrument 
produced a sound more suited for jazz and 
dance clubs. Another major innovation of the 
early 1900s was the use of magnetic pickups 
fitted beneath the strings by which sound 
traveled through a wire into an amplifier. 
These instruments would later evolve into 
electric guitars. 

Raw Materials 

The guitar industry is in virtual agreement on 
the woods used for the various parts of the 
instrument. The back and sides of the gui¬ 
tar’s body are usually built with East Indian 
or Brazilian rosewood. Historically, Brazil¬ 
ian rosewood has been the choice of connois¬ 
seurs. However, in an attempt to preserve the 
wood’s dwindling supply, the Brazilian gov- 


The back and sides of the 
guitar's body are usually 
built with East Indian or 
Brazilian rosewood. The 
top (or soundboard) is 
traditionally constructed of 
Alpine spruce, although 
American Sika spruce has 
become popular among 
U.S. manufacturers. The 
neck is constructed from 
mahogany, while the 
fingerboard is made of 
ebony or rosewood. 
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Guitar manufacture generally 
involves selecting, sawing, and 
glueing various wood pieces to 
form tfie finished instrument. The top 
and back of the guitar are formed 
in a process known as "bookmatch¬ 
ing," by which a single piece of 
wood is sliced into two sheets, each 
the same length and width as the 
original but only half as thick. This 
gives the sheets a symmetrical grain 
pattern. The two sheets are matched 
to ensure continuity in the grains 
and glued together. 


emment has placed restrictions on its export, 
thus raising the price and making East Indian 
rosewood the current wood of choice. Less 
expensive brands use mahogany or maple, 
but the sound quality suffers in guitars con¬ 
structed with those types of wood. 

The top (or soundboard) of the guitar is tradi¬ 
tionally constructed of Alpine spruce, 
although American Sika spruce has become 
popular among U.S. manufacturers. Cedar 
and redwood are often substituted for spruce, 
although these woods are soft and easily 
damaged during construction. 

The neck, which must resist distortion by the 
pull of the strings and changes in temperature 
and humidity, is constructed from mahogany 
and joins the body between the fourteenth 


and twelfth frets. Ideally, the fingerboard is 
made of ebony, but rosewood is often used as 
a less expensive alternative. Most modern 
guitars use strings made of some type of 
metal (usually steel). 


The Manufacturing 
Process 

The first and most important step in guitar 
construction is wood selection. The choice of 
wood will directly affect the sound quality of 
the finished product. The wood must be free 
of flaws and have a straight, vertical grain. 
Since each section of the guitar uses different 
types of woods, the construction process 
varies from section to section. Following is a 
description of the manufacture of a typical 
acoustic guitar. 
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Bookmatching 

I The wood for the top of the guitar is cut 
from lumber using a process called book¬ 
matching. Bookmatching is a method by 
which a single piece of wood is sliced into 
two sheets, each the same length and width 
as the original but only half as thick. This 
gives the sheets a symmetrical grain pattern. 
The two sheets are matched to ensure conti¬ 
nuity in the grains and glued together. Once 
dry, the newly joined boards are sanded to 
the proper thickness. They are closely 
inspected for quality and then graded accord¬ 
ing to color, closeness and regularity of 
grain, and lack of blemishes. 

2 The next step is to cut the top into the 
guitar shape, leaving the piece of wood 
oversized until the final trimming. The 
soundhole is sawed, with slots carved around 
it for concentric circles that serve as decora¬ 
tive inlays around the soundhole. 

Strutting 

3 Wood braces are next glued to the under¬ 
side of the top piece. Strutting, as this 
process is often called, serves two purposes: 
brace the wood against the pull of the strings 
and control the way the top vibrates. An area 
of guitar construction that differs from com¬ 
pany to company, strutting has a great affect 
on the guitar’s tone. Many braces today are 
glued in an X-pattem originally designed by 
the Martin Company, a pattern that most 
experts feel provides the truest acoustics and 
tone. Although companies such as Ovation 
and Gibson continue to experiment with 
improvements on the X-pattem style of strut¬ 
ting, Martin’s original concept is widely 
accepted as producing the best sound. 

The back, although not as acoustically 
important as the top, is still critical to the 
guitar’s sound. A reflector of sound waves, 
the back is also braced, but its strips of wood 
ran parallel from left to right with one cross- 
grained strip running down the length of the 
back’s glue joint. The back is cut and glued 
similar to the top—and from the same piece 
of lumber as the top, to ensure matching 
grains—using the bookmatch technique. 

Constructing the sides 

Construction of the sides consists of cut¬ 
ting and sanding the strips of wood to the 


proper length and thickness and then soften¬ 
ing the wood in water. The strips are then 
placed in molds that are shaped to the curves 
of the guitar, and the entire assembly is 
clamped for a period of time to ensure sym¬ 
metry between the two sides. The two sides 
are joined together with basswood glued to 
the inside walls. Strips of reinforcing wood 
are placed along the inner sides so that the 
guitar doesn’t crack if hit from the side. Two 
endblocks (near the neck and near the bottom 
of the guitar) are also used to join the top, 
back and neck. 

Once the sides are joined and the end- 
blocks are in place, the top and the back 
are glued to the sides. The excess wood is 
trimmed off and slots are cut along the side- 
top and side-back junctions. These slots are 
for the body bindings that cover the guitar’s 
sides. The bindings are not only decorative, 
they also keep moisture from entering 
through the sides and warping the guitar. 

Neck and fingerboard 

7 The neck is made from one piece of hard 
wood, typically mahogany or rosewood, 
carved to exact specifications. A reinforcing 
rod is inserted through the length of the neck 
and, after sanding, the fingerboard (often 
made of ebony or rosewood) is set in place. 
Using precise measurements, fret slots are 
cut into the fingerboard and the steel-wired 
frets are put in place. 

8 Once the neck construction is completed, 
it is attached to the body. Most guitar 
companies attach the neck and the body by 
fitting a heel that extends from the base of 
the neck into a pre-cut groove on the body. 
Once the glue has dried at the neck-body 
junction, the entire guitar receives a coat of 
sealer and then several coats of lacquer. On 
some models, intricate decorations or inlays 
are also placed on the guitar top. 

Bridge and saddle 

9 After polishing, a bridge is attached near 
the bottom of the guitar below the sound- 
hole, and a saddle is fitted. The saddle is 
where the strings actually lie as they pass 
over the bridge, and it is extremely important 
in the transferring of string vibration to the 
guitar top. On the opposite end of the guitar. 
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the nut is placed between the neck and the 
head. The nut is a strip of wood or plastic on 
which the strings lie as they pass to the head 
and into the tuning machine. 

Tuning machine 

The tuning machine is next fitted to 
the guitar head. This machine is one of 
the most delicate parts of the guitar and is 
usually mounted on the back of the head. The 
pegs that hold each string poke through to the 
front, and the gears that turn both the pegs 
and the string-tightening keys are housed in 
metal casings. 

Finally, the guitar is strung and 
inspected before leaving the factory. 
The entire process of making a guitar can 
take between three weeks and two months, 
depending on the amount of decorative detail 
work on the guitar top. 

Electric Guitars 

A separate but closely related group of gui¬ 
tars is the electric guitar, which uses a device 
known as a pickup —a magnet surrounded by 
wire—to convert the energy from string 
vibrations into an electrical signal. The sig¬ 
nal is sent to an amplifier, where it is boosted 
thousands of times. The body of an electric 
guitar has little impact on the quality of 
sound produced, as the amplifier controls 
both the quality and loudness of the sound. 
Acoustic guitars can also be fitted with elec¬ 
tric pickups, and there are some models 
available today that already have the pickup 
built into the body. 

Quality Control 

Most guitar manufacturers are small, highly 
personal companies that stress detail and 
quality. Each company does its own research 
and testing, which virtually insure the cus¬ 
tomer of a flawless guitar. During the past 
few decades, the guitar industry has become 
more mechanized, allowing for greater 
speed, higher consistency and lower pricing. 
Although purists resist mechanization, a 


well-trained workman using machine tools 
can usually produce a higher-quality instru¬ 
ment than a craftsman working alone. The 
final testing procedures at most manufactures 
are quite stringent; only the best guitars leave 
the plant, and more than one person makes 
the final determination as to which instru¬ 
ments are shipped out and which are 
rejected. 

Where To Learn More 

Books 

Cumpiano, William R. Guitarmaking: Tradi¬ 
tion & Technology. Rosewood Press, 1987. 

Evans, Tom and Mary Anne. Guitars: Music, 
History, Construction and Players from the 
Renaissance to Rock. Facts on File, 1977. 

Hill, Thomas. The Guitar: An Introduction to 
the Instrument. Watts Publishing, 1973. 

How It Works: The Illustrated Science and 
Invention Encyclopedia. Vol. 9. H. S. 
Stuttman, 1983. 

Kamimoto, Hideo. Complete Guitar Repair. 
Oak Publications, 1975. 

Wheeler, Thomas. The Guitar Book. Harper 
& Row, 1974. 

Periodicals 

Del Ray, Tiesco. “Off the Wall: The Theory 
of Reverse Ergonomics,” Guitar Player. 
March, 1986, p. 102. 

Sievert, Jon. “Steinberger Factory Tour,” 
Guitar Player. December, 1988, p. 38. 

Smith, Richard. “Inside Rickenbacker: New 
Factory, Old Traditions,” Guitar Player. 
February, 1990, p. 61. 

Widders-Ellis, Andy. “Tomorrow’s 
Acoustics: The Dawning of a New Golden 
Age,” Guitar Player. April. 1992, p. 43. 

—Jim Acton 
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Background 

Helicopters are classified as rotary wing air¬ 
craft, and their rotary wing is commonly 
referred to as the main rotor or simply the 
rotor. Unlike the more common fixed wing 
aircraft such as a sport biplane or an airliner, 
the helicopter is capable of direct vertical 
take-off and landing; it can also hover in a 
fixed position. These features render it ideal 
for use where space is limited or where the 
ability to hover over a precise area is neces¬ 
sary. Currently, helicopters are used to dust 
crops, apply pesticide, access remote areas 
for environmental work, deliver supplies to 
workers on remote maritime oil rigs, take 
photographs, film movies, rescue people 
trapped in inaccessible spots, transport acci¬ 
dent victims, and put out fires. Moreover, 
they have numerous intelligence and military 
applications. 

Numerous individuals have contributed to 
the conception and development of the heli¬ 
copter. The idea appears to have been bionic 
in origin, meaning that it derived from an 
attempt to adapt a natural phenomena—in 
this case, the whirling, bifurcated fruit of the 
maple tree—to a mechanical design. Early 
efforts to imitate maple pods produced the 
whirligig, a children’s toy popular in China 
as well as in medieval Europe. During the 
fifteenth century, Leonardo da Vinci, the 
renowned Italian painter, sculptor, architect, 
and engineer, sketched a flying machine that 
may have been based on the whirligig. The 
next surviving sketch of a helicopter dates 
from the early nineteenth century, when 
British scientist Sir George Cayley drew a 
twin-rotor aircraft in his notebook. During 
the early twentieth century, Frenchman Paul 
Comu managed to lift himself off the ground 


for a few seconds in an early helicopter. 
However, Cornu was constrained by the 
same problems that would continue to plague 
all early designers for several decades: no 
one had yet devised an engine that could gen¬ 
erate enough vertical thrust to lift both the 
helicopter and any significant load (includ¬ 
ing passengers) off the ground. 

Igor Sikorsky, a Russian engineer, built his 
first helicopter in 1909. When neither this 
prototype nor its 1910 successor succeeded, 
Sikorsky decided that he could not build a 
helicopter without more sophisticated materi¬ 
als and money, so he transferred his attention 
to aircraft. During World War I, Hungarian 
engineer Theodore von Karman constructed a 
helicopter that, when tethered, was able to 
hover for extended periods. Several years 
later, Spaniard Juan de la Cierva developed a 
machine he called an autogiro in response to 
the tendency of conventional airplanes to lose 
engine power and crash while landing. If he 
could design an aircraft in which lift and 
thrust (forward speed) were separate func¬ 
tions, Cierva speculated, he could circumvent 
this problem. The autogiro he subsequently 
invented incorporated features of both the 
helicopter and the airplane, although it resem¬ 
bled the latter more. The autogiro had a rotor 
that functioned something like a windmill. 
Once set in motion by taxiing on the ground, 
the rotor could generate supplemental lift; 
however, the autogiro was powered primarily 
by a conventional airplane engine. To avoid 
landing problems, the engine could be dis¬ 
connected and the autogiro brought gently to 
rest by the rotor, which would gradually 
cease spinning as the machine reached the 
ground. Popular during the 1920s and 1930s, 
autogiros ceased to be produced after the 
refinement of the conventional helicopter. 


The idea for the helicopter 
appears to have been 
bionic in origin, meaning 
that it derived from an 
attempt to adapt a natural 
phenomena—in this case, 
the whirling, bifurcated 
fruit of the maple tree—to 
a mechanical design. 
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The helicopter was eventually perfected by 
Igor Sikorsky. Advances in aerodynamic 
theory and building materials had been made 
since Sikorsky’s initial endeavor, and, in 
1939, he lifted off the ground in his first 
operational helicopter. Two years later, an 
improved design enabled him to remain aloft 
for an hour and a half, setting a world record 
for sustained helicopter flight. 

The helicopter was put to military use almost 
immediately after its introduction. While it 
was not utilized extensively during World 
War II, the jungle terrain of both Korea and 
Vietnam prompted the helicopter’s wide¬ 
spread use during both of those wars, and 
technological refinements made it a valuable 
tool during the Persian Gulf War as well. In 
recent years, however, private industry has 
probably accounted for the greatest increase in 
helicopter use, as many companies have 
begun to transport their executives via heli¬ 
copter. In addition, helicopter shuttle services 
have proliferated, particularly along the urban 
corridor of the American Northeast. Still, 
among civilians the helicopter remains best 
known for its medical, rescue, and relief uses. 

Design 

A helicopter’s power comes from either a 
piston engine or a gas turbine (recently, the 
latter has predominated), which moves the 
rotor shaft, causing the rotor to turn. While a 
standard plane generates thrust by pushing 
air behind its wing as it moves forward, the 
helicopter’s rotor achieves lift by pushing the 
air beneath it downward as it spins. Lift is 
proportional to the change in the air’s 
momentum (its mass times its velocity): the 
greater the momentum, the greater the lift. 

Helicopter rotor systems consist of between 
two and six blades attached to a central hub. 
Usually long and narrow, the blades turn rel¬ 
atively slowly, because this minimizes the 
amount of power necessary to achieve and 
maintain lift, and also because it makes con¬ 
trolling the vehicle easier. While light¬ 
weight, general-purpose helicopters often 
have a two-bladed main rotor, heavier craft 
may use a four-blade design or two separate 
main rotors to accommodate heavy loads. 

To steer a helicopter, the pilot must adjust the 
pitch of the blades, which can be set three 


ways. In the collective system, the pitch of 
all the blades attached to the rotor is identi¬ 
cal; in the cyclic system, the pitch of each 
blade is designed to fluctuate as the rotor 
revolves, and the third system uses a combi¬ 
nation of the first two. To move the heli¬ 
copter in any direction, the pilot moves the 
lever that adjusts collective pitch and/or the 
stick that adjusts cyclic pitch; it may also be 
necessary to increase or reduce speed. 

Unlike airplanes, which are designed to min¬ 
imize bulk and protuberances that would 
weigh the craft down and impede airflow 
around it, helicopters have unavoidably high 
drag. Thus, designers have not utilized the 
sort of retractable landing gear familiar to 
people who have watched planes taking off 
or landing—the aerodynamic gains of such a 
system would be proportionally insignificant 
for a helicopter. In general, helicopter land¬ 
ing gear is much simpler than that of air¬ 
planes. Whereas the latter require long 
runways on which to reduce forward veloc¬ 
ity, helicopters have to reduce only vertical 
lift, which they can do by hovering prior to 
landing. Thus, they don’t even require shock 
absorbers: their landing gear usually com¬ 
prises only wheels or skids, or both. 

One problem associated with helicopter rotor 
blades occurs because airflow along the 
length of each blade differs widely. This 
means that lift and drag fluctuate for each 
blade throughout the rotational cycle, 
thereby exerting an unsteadying influence 
upon the helicopter. A related problem 
occurs because, as the helicopter moves for¬ 
ward, the lift beneath the blades that enter the 
airstream first is high, but that beneath the 
blades on the opposite side of the rotor is 
low. The net effect of these problems is to 
destabilize the helicopter. Typically, the 
means of compensating for these unpre¬ 
dictable variations in lift and drag is to man¬ 
ufacture flexible blades connected to the 
rotor by a hinge. This design allows each 
blade to shift up or down, adjusting to 
changes in lift and drag. 

Torque, another problem associated with the 
physics of a rotating wing, causes the heli¬ 
copter fuselage (cabin) to rotate in the oppo¬ 
site direction from the rotor, especially when 
the helicopter is moving at low speeds or 
hovering. To offset this reaction, many heli- 
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copters use a tail rotor, an exposed blade or 
ducted fan mounted on the end of the tail 
boom typically seen on these craft. Another 
means of counteracting torque entails 
installing two rotors, attached to the same 
engine but rotating in opposite directions, 
while a third, more space-efficient design 
features twin rotors that are enmeshed, some¬ 
thing like an egg beater. Additional alterna¬ 
tives have been researched, and at least one 
NOTAR (no tail rotor) design has been intro¬ 
duced. 

Raw Materials 

The airframe, or fundamental structure, of a 
helicopter can be made of either metal or 
organic composite materials, or some combi¬ 
nation of the two. Higher performance 
requirements will incline the designer to 
favor composites with higher strength-to- 
weight ratio, often epoxy (a resin) reinforced 
with glass, aramid (a strong, flexible nylon 
fiber), or carbon fiber. Typically, a compos¬ 
ite component consists of many layers of 
fiber-impregnated resins, bonded to form a 
smooth panel. Tubular and sheet metal sub¬ 
structures are usually made of aluminum, 
though stainless steel or titanium are some¬ 
times used in areas subject to higher stress or 
heat. To facilitate bending during the manu¬ 
facturing process, the structural tubing is 
often filled with molten sodium silicate. A 
helicopter’s rotary wing blades are usually 
made of fiber-reinforced resin, which may be 
adhesively bonded with an external sheet 
metal layer to protect edges. The heli¬ 
copter’s windscreen and windows are formed 
of polycarbonate sheeting. 

The Manufacturing 
Process 

Airframe: Preparing the tubing 

I Each individual tubular part is cut by a 
tube cutting machine that can be quickly 
set to produce different, precise lengths and 
specified batch quantities. Tubing requiring 
angular bends is shaped to the proper angle 
in a bending machine that utilizes inter¬ 
changeable tools for different diameters and 
sizes. For other than minor bends, tubes are 
filled with molten sodium silicate that hard¬ 
ens and eliminates kinking by causing the 
tube to bend as a solid bar. The so-called 
water glass is then removed by placing the 


In 1939. o Russian emigre 1o the United States tested what wos to become a 
prominent prototype for later helicopters Already a prosperous oircrah man 
ulacturor in h-s native land. Igor Sikorsky fled the 1917 revolution, drown to 
the United Stele! by stories of Thomas Edrson and Henry Ford 

Sikorsky soon became a successful aircraft manufacturer in his adopted 
homeland. But his dream wos vertical take-oH, rotary wing Right. He expert 
averted for more than twenty years and finally, in 1939, Rew his first Night in 
a craft dubbed the VS 300 lethered lo the ground with long ropes his craft 
flew no hicjhor than 50 feci off the ground on its first several flights. Even 
then, there were problems: the craft flew up, down, and sideways, but not 
forward. However, helicopter technology developed so ropidly that some 
were actually pul into use by U S. hoops during World War II, 

The helicopter contributed directly to at least one revolutionary production 
technology. As helicopters grew larger and more powerful, the precision cal¬ 
culations needed for engineering the blades, which hod exacting require 
ments, increased exponentially In 1947, John C. Porsons of Traverse City, 
Michigan, began looking for ways to speed the engineering of blades pro¬ 
duced by his company. Parsons contacted the International Business Machine 
Corp. and asked to try one of their new main frame office computers By 
1951, Carsons was experimenting with having the computer s calculations 
actually guide the machine tool. His ideas woro ultimately developed into the 
camputer-numericokontrol |CNC) machine tool industry that has revolution 
iced modern production methods 

William $ Prefzer 


bent tube in boiling water, which melts the 
inner material. Tubing that must be curved 
to match fuselage contours is fitted over a 
stretch forming machine, which stretches the 
metal to a precisely contoured shape. Next, 
the tubular details are delivered to the 
machine shop where they are held in clamps 
so that their ends can be machined to the 
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required angle and shape. The tubes are then 
deburred (a process in which any ridges or 
fins that remain after preliminary machining 
are ground off) and inspected for cracks. 

2 Gussets (reinforcing plates or brackets) 
and other reinforcing details of metal are 
machined from plate, angle, or extruded pro¬ 
file stock by routing, shearing, blanking, or 
sawing. Some critical or complex details 
may be forged or investment cast. The latter 
process entails injecting wax or an alloy with 
a low melting point into a mold or die. When 
the template has been formed, it is dipped in 
molten metal as many times as necessary to 
achieve the thickness desired. When the part 
has dried, it is heated so that the wax or alloy 
will melt and can be poured out. Heated to a 
higher temperature to purify it and placed in 
a mold box where it is supported by sand, the 
mold is then ready to shape molten metal into 
reinforcement parts. After removal and cool¬ 
ing, these parts are then finish-machined by 
standard methods before being deburred 
once again. 

3 The tubes are chemically cleaned, fitted 
into a subassembly fixture, and MIG 
(metal-arc inert gas) welded. In this process, 
a small electrode wire is fed through a weld¬ 
ing torch, and an inert, shielding gas (usually 
argon or helium) is passed through a nozzle 
around it; the tubes are joined by the melting 
of the wire. After welding, the subassembly 
is stress relieved—heated to a low tempera¬ 
ture so that the metal can recover any elastic¬ 
ity it has lost during the shaping process. 
Finally, the welds are inspected for flaws. 

Forming sheet metal details 

4 Sheet metal, which makes up other parts 
of the airframe, is first cut into blanks 
(pieces cut to predetermined size in prepara¬ 
tion for subsequent work) by abrasive water- 
jet, blanking dies, or routing. Aluminum 
blanks are heat-treated to anneal them (give 
them a uniform, strain-free structure that will 
increase their malleability). The blanks are 
then refrigerated until they are placed in dies 
where they will be pressed into the proper 
shape. After forming, the sheet metal details 
are aged to full strength and trimmed by rout¬ 
ing to final shape and size. 

Sheet metal parts are cleaned before 
being assembled by riveting or adhesive 


bonding. Aluminum parts and welded sub- 
assemblies may be anodized (treated to 
thicken the protective oxide film on the sur¬ 
face of the aluminum), which increases cor¬ 
rosion resistance. All metal parts are 
chemically cleaned and primer-painted, and 
most receive finish paint by spraying with 
epoxy or other durable coating. 

Making the cores of composite com¬ 
ponents 

6 Cores, the central parts of the composite 
components, are made of Nomex (a brand 
of aramid produced by Du Pont) or aluminum 
“honeycomb,” which is cut to size by band¬ 
saw or reciprocating knife. If necessary, the 
cores then have their edges trimmed and 
beveled by a machine tool similar to a pizza 
cutter or meat slicing blade. The material with 
which each component is built up from its 
cores (each component may use multiple 
cores) is called pre-preg ply. The plies are 
layers of oriented fibers, usually epoxy or 
polyimide, that have been impregnated with 
resin. Following written instructions from 
the designers, workers create highly con¬ 
toured skin panels by setting individual plies 
on bond mold tools and sandwiching cores 
between additional plies as directed. 

7 Completed layups, as the layers of pre- 
preg affixed to the mold are called, are 
then transported to an autoclave for curing. 
An autoclave is a machine that laminates 
plastics by exposing them to pressurized 
steam, and “curing” is the hardening that 
occurs as the resin layers “cook” in the auto¬ 
clave. 

8 Visible trim lines are molded into the 
panels by scribe lines present in the bond 
mold tools. Excess material around the 
edges is then removed by bandsawing. 
Large panels may be trimmed by an abrasive 
waterjet manipulated by a robot. After 
inspection, trimmed panels and other com¬ 
posite details are cleaned and painted by nor¬ 
mal spray methods. Surfaces must be well 
sealed by paint to prevent metal corrosion or 
water absorption. 

Making the fuselage 

9 Canopies or windscreens and passenger 
compartment windows are generally 
made of polycarbonate sheet. Front panels 
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subject to bird strike or other impact may be 
laminated of two sheets for greater thickness. 
All such parts are made by placing an over¬ 
sized blank on a fixture, heating it, and then 
forming it to the required curvature by use of 
air pressure in a freeblowing process. In this 
method, no tool surface touches the optical 
surfaces to cause defects. 

Installing the engine, transmission, 
and rotors 

Modem helicopter engines are turbine 
rather than piston type and are pur¬ 
chased from an engine supplier. The heli¬ 
copter manufacturer may purchase or 
produce the transmission assembly, which 
transfers power to the rotor assembly. Trans¬ 
mission cases are made of aluminum or mag¬ 
nesium alloy. 


As with the above, the main and tail 
rotor assemblies are machined from 
specially selected high-strength metals but 
are produced by typical machine shop meth¬ 
ods. The rotor blades themselves are 
machined from composite layup shapes. 
Main rotor blades may have a sheet metal 
layer adhesively bonded to protect the lead¬ 
ing edges. 

Systems and controls 

Wiring harnesses are produced by lay¬ 
ing out the required wires on special 
boards that serve as templates to define the 
length and path to connectors. Looms, or 
knitted protective covers, are placed on the 
wire bundles, and the purchased connectors 
are soldered in place by hand. Hydraulic tub¬ 
ing is either hand-cut to length and hand- 





Most of the crucial components in a 
helicopter are made of metal and 
are formed using the usual metal¬ 
forming processes: shearing, blank¬ 
ing, forging, cutting, routing, and 
investment casting. The polycarbon¬ 
ate windscreen and windows are 
made by laying the sheet over a 
mold, heating it, and forming it with 
air pressure in a process called 
"freeblowing," in which no tool ever 
touches the part. 
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formed by craftsmen, or measured, formed, 
and cut by tube-bending machines. Ends are 
flared, and tubes are inspected for dimen¬ 
sional accuracy and to ensure that no cracks 
are present. Hydraulic pumps and actuators, 
instrumentation, and electrical devices are 
typically purchased to specification rather 
than produced by the helicopter manufac¬ 
turer. 

Final assembly 

Finished and inspected detail airframe 
parts, including sheet metal, tubular, 
and machined and welded items, are deliv¬ 
ered to subassembly jigs (fixtures that clamp 
parts being assembled). Central parts are 
located in each jig, and associated details are 
either bolted in place or, where rivets are to 
be used, match-drilled using pneumatically 
powered drills to drill and ream each rivet 
hole. For aerodynamic smoothness on sheet 
metal or composite skin panels, holes are 
countersunk so that the heads of flat-headed 
screws won’t protrude. All holes are 
deburred and rivets applied. A sealant is 
often applied in each rivet hole as the rivet is 
inserted. For some situations, semi-auto¬ 
mated machines may be used for moving 
from one hole location to the next, drilling, 
reaming, sealing, and installing the rivets 
under operator control. 

After each subassembly is accepted by 
an inspector, it typically moves to 
another jig to be further combined with other 
small subassemblies and details such as 
brackets. Inspected “top level” subassem¬ 
blies are then delivered to final assembly 
jigs, where the overall helicopter structure is 
integrated. 

Upon completion of the structure, the propul¬ 
sion components are added, and wiring and 
hydraulics are installed and tested. Canopy, 
windows, doors, instruments, and interior 
elements are then added to complete the 
vehicle. Finish-painting and trimming are 
completed at appropriate points during this 
process. 

After all systems are inspected in final 
form, along with physical assemblies 
and appearance aspects, the complete docu¬ 
mentation of materials, processes, inspec¬ 
tion, and rework effort for each vehicle is 
checked and filed for reference. The heli¬ 


copter propulsion system is tested, and the 
aircraft is flight-tested. 

Quality Control 

Once tubular components have been formed, 
they are inspected for cracks. To find defects, 
workers treat the tubes with a fluorescent liq¬ 
uid penetrant that seeps into cracks and other 
surface flaws. After wiping off the excess 
fluid, they dust the coated tube with a fine 
powder that interacts with the penetrant to 
render defects visible. After the tubular com¬ 
ponents have been welded, they are 
inspected using X-ray and/or fluorescent 
penetrant methods to discover flaws. Upon 
completion, the contours of sheet metal 
details are checked against form templates 
and hand-worked as required to fit. After 
they have been autoclaved and trimmed, 
composite panels are ultrasonically inspected 
to identify any possible breaks in laminations 
or gas-filled voids that could lead to struc¬ 
tural failure. Prior to installation, both the 
engine and the transmission subassemblies 
are carefully inspected, and special test 
equipment, custom-designed for each appli¬ 
cation, is used to examine the wiring sys¬ 
tems. All of the other components are also 
tested before assembly, and the completed 
aircraft is flight-tested in addition to receiv¬ 
ing an overall inspection. 

The Future 

Manufacturing processes and techniques will 
continue to change in response to the need to 
reduce costs and the introduction of new 
materials. Automation may further improve 
quality (and lower labor costs). Computers 
will become more important in improving 
designs, implementing design changes, and 
reducing the amount of paperwork created, 
used, and stored for each helicopter built. 
Furthermore, the use of robots to wind fila¬ 
ment, wrap tape, and place fiber will permit 
fuselage structures to be made of fewer, 
more integrated pieces. In terms of materials, 
advanced, high-strength thermoplastic resins 
promise greater impact resistance and 
repairability than current thermosets such as 
epoxy and polyimide. Metallic composites 
such as aluminum reinforced with boron 
fiber, or magnesium reinforced with silicon 
carbide particles, also promise higher 
strength-to-weight ratios for critical compo- 
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nents such as transmission cases while 
retaining the heat resistance advantage of 
metal over organic materials. 

Where To Learn More 

Books 

Basic Helicopter Handbook. IAP Inc., 1988. 

Seddon, J. Basic Helicopter Aerodynamics. 
American Institute of Aeronautics & Astro¬ 
nautics, 1990. 
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“Rotary-Wing Technology Pursues Fixed- 
Wing Performance Capabilities.” Aviation 
Week & Space Technology. January 19, 
1987, p. 46. 


“Advanced Technology Prompts Reevalua¬ 
tion of Helicopter Design.” Aviation Week & 
Space Technology. March 9, 1987, p. 252. 

Brown, Stuart F. “Tilt-rotor Aircraft.” Popu¬ 
lar Science. July, 1987, p. 46. 

“Graphite Tools Produce Volume ’Copter 
Parts.” Design News. February 17,1986, p. 30. 

“Researchers Work on Noise Reduction in 
Helicopters.” Research & Development. Jan¬ 
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Smith, Bruce A. “Helicoptor Manufacturers 
Divided on Development of New Aircraft.” 
Aviation Week & Space Technology. Febru¬ 
ary 29, 1988, p. 58. 

—Phillip S. Waldrop 
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Today's commercial jet 
engines, up to eleven feet 
in diameter and twelve 
feet long, can weigh more 
than 10,000 pounds and 
produce more than 
100,000 pounds of thrust. 


Background 

The jet engine is the power plant of today’s 
jet aircraft, producing not only the thrust that 
propels the aircraft but also the power that 
fuels many of the aircraft’s other systems. 

Jet engines operate according to Newton’s 
third law of motion, which states that every 
force acting on a body produces an equal and 
opposite force. The jet engine works by draw¬ 
ing in some of the air through which the air¬ 
craft is moving, compressing it, combining it 
with fuel and heating it, and finally ejecting 
the ensuing gas with such force that the plane 
is propelled forward. The power produced by 
such engines is expressed in terms of pounds 
of thrust, a term that refers to the number of 
pounds the engine can move. 

The jet engine, like many technological inno¬ 
vations, took a long time to progress from 
concept to design to execution. The first 
attempts to transcend the traditional piston 
engine were actually modifications of that 
engine, both heavy and complex. The tur¬ 
bine design was introduced in 1921, and it 
and the other basic components of the mod¬ 
em jet engine were present in a design for 
which a Royal Air Force lieutenant named 
Frank Whittle received an English patent in 
1930. Although testing on Whittle’s engine 
began in 1937, it did not fly successfully 
until 1941. Across the English Channel in a 
Germany rushing to arm itself for World War 
II, similar but entirely separate work had 
begun with a 1935 jet engine patent issued to 
Hans von Ohain. Four years later, a team of 
German engineers led by Dr. Max Hahn 
achieved success, conducting the first 
entirely jet-powered flight in history. Upon 
achieving success with the Whittle engine in 


1941, the British promptly shipped a proto¬ 
type to their allies in the United States, where 
General Electric immediately began produc¬ 
ing copies. The first American jet engine, 
produced by G.E., took flight in a plane con¬ 
structed by Bell Aircraft late in 1942. 
Although use of jets was somewhat limited 
during World War II, by the end of the war 
all three countries had begun to utilize elite 
squadrons of jet-powered fighter planes. 

Today’s commercial engines, up to eleven 
feet in diameter and twelve feet long, can 
weigh more than 10,000 pounds and produce 
more than 100,000 pounds of thrust. 

Design 

A jet engine is contained within a cowling, 
an external casing that opens outward, some¬ 
what like a rounded automobile hood, to 
permit inspection and repair of the interior 
components. Attached to each engine (a typ¬ 
ical 747 uses four) is a pylon, a metal arm 
that joins the engine to the wing of the plane. 
Through pumps and feed tubes in the pylons, 
fuel is relayed from wing tanks to the engine, 
and the electrical and hydraulic power gener¬ 
ated by the engine is then routed back to the 
aircraft through wires and pipes also con¬ 
tained in the pylons. 

At the very front of the engine, a fan helps to 
increase the flow of air into the engine’s first 
compartment, the compressor. As the fan dri¬ 
ves air into it, the compressor—a metal 
cylinder that gradually widens from front to 
rear—subjects the incoming air to increasing 
pressure. To accelerate the progress of the air 
through the engine, the compressor is fitted 
with blades that rotate like simple household 
fans. In the incredibly brief time it takes air 
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to reach the inner end of a typical compres¬ 
sor, it has been squeezed into a space 20 
times smaller than the intake aperture. 

Expanding as it leaves the high-pressure 
compressor, the air enters the combustor, an 
interior engine cylinder in which the air will 
be mixed with fuel and burned. The combus¬ 
tion chamber is actually a ring, shaped some¬ 
thing like a car’s air filter. The air that passes 
through this ring as it exits the compressor is 
ignited, while another, larger stream of air 
merely passes through the center of the ring 
without being burned. A third stream of air 
being released from the compressor is passed 
outside the combustion chamber to cool it. 

As the air from the compressor mixes with 
fuel and ignites in the combustor to produce 
an incredibly hot volume of gas, some of that 


gas leaves the engine through the exhaust sys¬ 
tem, while another, smaller portion is routed 
into the engine’s turbine. The turbine is a set 
of fans that extend from the same shaft which, 
further forward in the jet engine, rotates the 
compressor blades. Its job is to extract 
enough energy from the hot gases leaving the 
combustor to power the compressor shaft. In 
some models, the turbine is also used to gen¬ 
erate power for other components of the 
plane. Because the turbine is subjected to 
intense heat, each blade has labyrinthine air¬ 
ways cut into it. Cool air from the compres¬ 
sor is routed through these passages, enabling 
the turbine to function in gas streams whose 
temperature is higher than the melting point 
of the alloy from which it is made. 

The bulk of the gas that leaves the combus¬ 
tor, however, does so through the exhaust 


The parts of a jet engine—they can 
number 25,000—are made in vari¬ 
ous ways. The fan blade is made by 
shaping molten titanium in a hot 
press. When removed, each blade 
skin is welded to a mate, and the 
hollow cavity in the center is filled 
with a titanium honeycomb. The tur¬ 
bine disc is made by powder metal¬ 
lurgy, while the compressor blades 
and the combustion chamber are 
both made by casting. 
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system, which must be shaped very carefully 
to insure proper engine performance. Planes 
flying beneath the speed of sound are 
equipped with exhaust systems that taper 
toward their ends; those capable of super¬ 
sonic travel require exhaust systems that 
flare at the end but that can also be narrowed 
to permit the slower speeds desirable for 
landing. The exhaust system consists of an 
outer duct, which transmits the cooling air 
that has been passed along the outside of the 
combustor, and a narrower inner duct, which 
carries the burning gases that have been 
pumped through the combustor. Between 
these two ducts is a thrust reverser, the 
mechanism that can close off the outer duct 
to prevent the unheated air from leaving the 
engine through the exhaust system. Pilots 
engage reverse thrust when they wish to slow 
the aircraft. 

Raw Materials 

Strong, lightweight, corrosion-resistant, ther¬ 
mally stable components are essential to the 
viability of any aircraft design, and certain 
materials have been developed to provide 
these and other desirable traits. Titanium, 
first created in sufficiently pure form for 
commercial use during the 1950s, is utilized 
in the most critical engine components. 
While it is very difficult to shape, its extreme 
hardness renders it strong when subjected to 
intense heat. To improve its malleability 
titanium is often alloyed with other metals 
such as nickel and aluminum. All three met¬ 
als are prized by the aerospace industry 
because of their relatively high strength/ 
weight ratio. 

The intake fan at the front of the engine must 
be extremely strong so that it doesn’t fracture 
when large birds and other debris are sucked 
into its blades; it is thus made of a titanium 
alloy. The intermediate compressor is made 
from aluminum, while the high pressure sec¬ 
tion nearer the intense heat of the combustor 
is made of nickel and titanium alloys better 
able to withstand extreme temperatures. The 
combustion chamber is also made of nickel 
and titanium alloys, and the turbine blades, 
which must endure the most intense heat of 
the engine, consist of nickel-titanium-alu¬ 
minum alloys. Often, both the combustion 
chamber and the turbine receive special 
ceramic coatings that better enable them to 
resist heat. The inner duct of the exhaust sys¬ 


tem is crafted from titanium, while the outer 
exhaust duct is made from composites—syn¬ 
thetic fibers held together with resins. 
Although fiberglass was used for years, it is 
now being supplanted by Kevlar, which is 
even lighter and stronger. The thrust 
reverser consists of titanium alloy. 

The Manufacturing 
Process 

Building and assembling the components of 
a jet engine takes about two years, after a 
design and testing period that can take up to 
five years for each model. The research and 
development phase is so protracted because 
the engines are so complex: a standard Boe¬ 
ing 747 engine, for example, contains almost 
25,000 parts. 

Building components—fan blade 

I ln jet engine manufacture, the various 
parts are made individually as part of sub- 
assemblies; the subassemblies then come 
together to form the whole engine. One such 
part is the fan blade, situated at the front of 
the engine. Each fan blade consists of two 
blade skins produced by shaping molten tita¬ 
nium in a hot press. When removed, each 
blade skin is welded to a mate, with a hollow 
cavity in the center. To increase the strength 
of the final product, this cavity is filled with a 
titanium honeycomb. 

Compressor disc 

2 The disc, the solid core to which the 
blades of the compressor are attached, 
resembles a big, notched wheel. It must be 
extremely strong and free of even minute 
imperfections, as these could easily develop 
into fractures under the tremendous stress of 
engine operation. For a long time, the most 
popular way to manufacture the disc entailed 
machine-cutting a metal blank into a rough 
approximation of the desired shape, then 
heating and stamping it to precise specifica¬ 
tions (in addition to rendering the metal mal¬ 
leable, heat also helps to fuse hairline cracks). 
Today, however, a more sophisticated 
method of producing discs is being used by 
more and more manufacturers. Called pow¬ 
der metallurgy , it consists of pouring molten 
metal onto a rapidly rotating turntable that 
breaks the metal into millions of microscopic 
droplets that are flung back up almost imme- 
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diately due to the table’s spinning. As they 
leave the table, the droplets’ temperature sud¬ 
denly plummets (by roughly 2,120 degrees 
Fahrenheit—1,000 degrees Celsius—in half a 
second), causing them to solidify and form a 
fine-grained metal powder. The resulting 
powder is very pure because it solidifies too 
quickly to pick up contaminants. 

3 In the next step, the powder is packed 
into a forming case and put into a vac¬ 
uum. Vibrated, the powder sifts down until it 
is tightly packed at the bottom of the case; 
the vacuum guarantees that no air pockets 
develop. The case is then sealed and heated 
under high pressure (about 25,000 pounds 
per square inch). This combination of heat 
and pressure fuses the metal particles into a 
disc. The disc is then shaped on a large cut¬ 
ting machine and bolted to the fan blades. 


Compressor blades 

4 Casting, an extremely old method, is still 
used to form the compressor blades. In 
this process, the alloy from which the blades 
will be formed is poured into a ceramic mold, 
heated in a furnace, and cooled. When the 
mold is broken off, the blades are machined 
to their final shape. 

Combustion chamber 

Combustion chambers must blend air and 
fuel in a small space and work for pro¬ 
longed periods in extreme heat. To accom¬ 
plish this, titanium is alloyed to increase its 
ductility—its ability to formed into shapes. It 
is then heated before being poured into sev¬ 
eral discrete, and very complex, segment 
molds. The sections are removed from their 



Turbine blades are made by form¬ 
ing wax copies of the blades and 
then immersing the copies in a 
ceramic slurry bath. After each 
copy is heated to harden the 
ceramic and melt the wax, molten 
metal is poured into the hollow left 
by the melted wax. 

A jet engine works by sucking air 
into one end, compressing it, mix¬ 
ing it with fuel and burning it in the 
combustion chamber, and then 
expelling it with great force out the 
exhaust system. 
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A jet engine is mounted to the air¬ 
plane wing with a pylon. The pylon 
(and the wing) must be very strong, 
since an engine can weigh up to 
10,000 pounds. 



molds, allowed to cool, and welded together 
before being mounted on the engine. 

Turbine disc and blades 

6 The turbine disc is formed by the same 
powder metallurgy process used to create 
the compressor disc. Turbine blades, how¬ 
ever, are made by a somewhat different 
method than that used to form compressor 
blades, because they are subjected to even 
greater stress due to the intense heat of the 
combustor that lies just in front of them. 
First, copies of the blades are formed by 
pouring wax into metal molds. Once each 
wax shape has set, it is removed from the 
mold and immersed in a ceramic slurry bath, 
forming a ceramic coating about .25-inch 
(.63-centimeter) thick. Each cluster is then 
heated to harden the ceramic and melt the 
wax. Molten metal is now poured into the 
hollow left by the melted wax. The internal 
air cooling passages within each blade are 
also formed during this stage of production. 

7 The metal grains in the blade are now 
aligned parallel to the blade by a process 
called directional solidifying. The grain 
direction is important because the turbine 
blades are subjected to so much stress; if the 
grains are aligned correctly, the blade is 
much less likely to fracture. The solidifying 


process takes place in computer-controlled 
ovens in which the blades are carefully 
heated according to precise specifications. 
The metal grains assume the correct configu¬ 
ration as they cool following their removal 
from the ovens. 

8 The next and final stages in preparing tur¬ 
bine blades are machine-shaping and 
either laser drilling or spark erosion. First, 
the blade is honed to the final, desired shape 
through a machining process. Next, parallel 
lines of tiny holes are formed in each blade 
as a supplement to the interior cooling pas¬ 
sageways. The holes are formed by either a 
small laser beam or by spark erosion, in 
which carefully controlled sparks are permit¬ 
ted to eat holes in the blade. 

Exhaust system 

9 The inner duct and the afterburners of the 
exhaust system are molded from tita¬ 
nium, while the outer duct and the nacelle 
(the engine casing) are formed from Kevlar. 
After these three components have been 
welded into a subassembly, the entire engine 
is ready to be put together. 

Final assembly 

Engines are constructed by manually 
combining the various subassemblies 
and accessories. An engine is typically built 
in a vertical position from the aft end for¬ 
ward, on a fixture that will allow the operator 
to manipulate the engine easily during build 
up. Assembly begins with bolting the high 
pressure turbine (that closest to the combus¬ 
tor) to the low-pressure turbine (that furthest 
from the cumbustor). Next, the combustion 
chamber is fastened to the turbines. One 
process that is used to build a balanced tur¬ 
bine assembly utilizes a CNC (Computer 
Numerically Controlled) robot capable of 
selecting, analyzing, and joining a turbine 
blade to its hub. This robot can determine 
the weight of a blade and place it appropri¬ 
ately for a balanced assembly. 

Once the turbines and combustion 
chamber have been assembled, the 
high and low pressure compressors are 
attached. The fan and its frame comprise the 
forward most subassembly, and they are con¬ 
nected next. The main drive shaft connecting 
the low pressure turbine to the low pressure 




2 34 




Jet Engine 


compressor and fan is then installed, thus 
completing the engine core. 

After the final subassembly, the 
exhaust system, has been attached, the 
engine is ready to be shipped to the aircraft 
manufacturer, where the plumbing, wiring, 
accessories, and aerodynamic shell of the 
plane will be integrated. 

Quality Control 

As production begins on a newly designed 
engine, the first one built is designated a test 
engine, and numerous experiments are run to 
test its response to the various situations the 
engine model will encounter during its ser¬ 
vice life. These include extreme weather 
conditions, airborne debris (such as birds), 
lengthy flights, and repeated starts. The first 
engine built is always dedicated to quality 
testing; it will never fly commercially. 

Throughout the entire process of building an 
engine, components and assemblies are 
inspected for dimensional accuracy, respon¬ 
sible workmanship, and material integrity. 
Dimensional inspections are undertaken in 
many different ways. One common method 
is CNC inspection. A coordinate measuring 
machine (CMM) will inspect key features of 
a part and compare them to the designed 
dimensions. Parts are also inspected for 
material flaws. One method is to apply a flu¬ 
orescent liquid over the entire surface of a 
part. After the liquid has migrated into any 
cracks or marks, the excess is removed. 
Under an ultraviolet light any surface imper¬ 
fections that could cause premature engine 
failure will illuminate. 

All rotating assemblies must be precisely 
balanced to insure safe extended operation. 
Prior to final assembly, all rotating sub- 
assemblies are dynamically balanced. The 
balancing process is much like spin-balanc¬ 
ing the tire on your car. The rotating sub- 
assemblies and the completed engine core 
are computer “spun” and adjusted to insure 
that they rotate concentrically. 


Functional testing of a finished engine takes 
place in three stages: static tests, stationary 
operating tests, and flight tests. A static test 
checks the systems (such as electrical and 
cooling) without the engine running. Sta¬ 
tionary operating tests are conducted with the 
engine mounted on a stand and running. 
Flight testing entails a comprehensive exam 
of all the systems, previously tested or not, in 
a variety of different conditions and environ¬ 
ments. Each engine will continue to be mon¬ 
itored throughout its service life. 

Where To Learn More 

Books 

Moxon, Julian. How Jet Engines Are Made. 
Threshold Books, 1985. 

Ott, James. Jets: Airliners of the Golden Age. 
Pyramid Media Group, 1990. 

Peace, P. Jet Engine Manual. State Mutual 
Book & Periodical Service, 1989. 

Periodicals 

Brown, David A. “Norwegians Expect to 
Develop Family of Radial Inflow Turbine 
Engines.” Aviation Week & Space Technol¬ 
ogy. November 10, 1986, p. 63. 

Kandebo, Stanley W. “Engine Makers, Cus¬ 
tomers to Discuss Powerplants for 130-seat 
Transports.” Aviation Week & Space Tech¬ 
nology. June 17, 1991, p. 162. 

Kandebo, Stanley W. “NASA-Industry 
Propulsion Team Addressing HSCT Envi¬ 
ronmental Issues.” Aviation Week & Space 
Technology. November 25, 1991, p. 58. 

Proctor, Paul. “Advanced Fuel Systems Cru¬ 
cial to High-Speed Transport Progress.” Avi¬ 
ation Week & Space Technology. February 9, 
1987, p. 45. 

“Going with the Flow in Jet Engines.” Sci¬ 
ence News. July 30, 1988, p. 73. 

—David Harris 
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It is in the field of bio¬ 
technology that incubators' 
greatest potential lies. 

While such applications 
as sperm banks, cloning, 
and eugenics trouble 
many contemporary 
observers, genetic material 
has already been 
manipulated to 
measurable positive 
effect—to make insulin 
and other biologically 
essential proteins, for 
example. 


An incubator comprises a transparent cham¬ 
ber and the equipment that regulates its tem¬ 
perature, humidity, and ventilation. For 
years, the principle uses for the controlled 
environment provided by incubators 
included hatching poultry eggs and caring for 
premature or sick infants, but a new and 
important application has recently emerged, 
namely, the cultivation and manipulation of 
microorganisms for medical treatment and 
research. This article will focus on labora¬ 
tory (medical) incubators. 

The first incubators were used in ancient 
China and Egypt, where they consisted of 
fire-heated rooms in which fertilized chicken 
eggs were placed to hatch, thereby freeing the 
hens to continue laying eggs. Later, wood 
stoves and alcohol lamps were used to heat 
incubators. Today, poultry incubators are 
large rooms, electrically heated to maintain 
temperatures between 99.5 and 100 degrees 
Fahrenheit (37.5 and 37.8 degrees Celsius). 
Fans are used to circulate the heated air 
evenly over the eggs, and the room’s humid¬ 
ity is set at about 60 percent to minimize the 
evaporation of water from the eggs. In addi¬ 
tion, outside air is pumped into the incubator 
to maintain a constant oxygen level of 21 per¬ 
cent, which is normal for fresh air. As many 
as 100,000 eggs may be nurtured in a large 
commercial incubator at one time, and all are 
rotated a minimum of 8 times a day through¬ 
out the 21-day incubation period. 

During the late nineteenth century, physicians 
began to use incubators to help save the lives 
of babies bom after a gestation period of less 
than 37 weeks (an optimal human pregnancy 
lasts 280 days, or 40 weeks). The first infant 
incubator, heated by kerosene lamps, 
appeared in 1884 at a Paris women’s hospital. 


In 1933, American Julius H. Hess designed 
an electrically heated infant incubator (most 
are still electrically heated today). Modem 
baby incubators resemble cribs, save that they 
are enclosed. Usually, the covers are trans¬ 
parent so that medical personnel can observe 
babies continually. In addition, many incuba¬ 
tors are made with side wall apertures into 
which long-armed rubber gloves can be fit¬ 
ted, enabling nurses to care for the babies 
without removing them. The temperature is 
usually maintained at between 88 and 90 
degrees Fahrenheit (31 to 32 degrees Cel¬ 
sius). Entering air is passed through a HEPA 
(high efficiency purified air) filter, which 
cleans and humidifies it, and the oxygen level 
within the chamber is adjusted to meet the 
particular needs of each infant. Incubators in 
neonatal units, centers that specialize in car¬ 
ing for premature infants, are frequently 
equipped with electronic devices for monitor¬ 
ing the infant’s temperature and the amount 
of oxygen in its blood. 

Laboratory (medical) incubators were first uti¬ 
lized during the twentieth century, when doc¬ 
tors realized that they could be could be used 
to identify pathogens (disease-causing bacte¬ 
ria) in patients' bodily fluids and thus diagnose 
their disorders more accurately. After a sample 
has been obtained, it is transferred to a Petri 
dish, flask, or some other sterile container and 
placed in a rack inside the incubator. To pro¬ 
mote pathogenic growth, the air inside the 
chamber is humidified and heated to body tem¬ 
perature (98.6 degrees Fahrenheit or 37 
degrees Celsius). In addition, these incubators 
provide the amount of atmospheric carbon 
dioxide or nitrogen necessary for the cell’s 
growth. As this carefully conditioned air circu¬ 
lates around it, the microorganism multiplies, 
enabling easier and more certain identification. 
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A related use of incubators is tissue culture, a 
research technique in which clinicians 
extract tissue fragments from plants or ani¬ 
mals, place these explants in an incubator, 
and monitor their subsequent growth. The 
temperature within the incubator is main¬ 
tained at or near that of the organism from 
which the explant was derived. Observing 
explants in incubators gives scientists insight 
into the operation and interaction of particu¬ 
lar cells; for example, it has enabled them to 
understand cancerous cells and to develop 
vaccines for polio, influenza, measles, and 
mumps. In addition, tissue culture has 
allowed researchers to detect disorders stem¬ 
ming from the lack of particular enzymes. 

Incubators are also used in genetic engineer¬ 
ing, an extension of tissue culturing in which 
scientists manipulate the genetic materials in 
explants, sometimes combining DNA from 
discrete sources to create new organisms. 
While such applications as sperm banks, 
cloning, and eugenics trouble many contem¬ 
porary observers, genetic material has already 
been manipulated to measurable positive 
effect—to make insulin and other biologi¬ 
cally essential proteins, for example. Genetic 
engineering can also improve the nutritional 
content of many fruits and vegetables and can 
increase the resistance of various crops to dis¬ 
ease. It is in the field of bio-technology that 
incubators’ greatest potential lies. 

Raw Materials 

Three main types of materials are necessary 
to manufacture an incubator. The first is 
stainless steel sheet metal of a common 
grade, usually .02 to .04 inch (.05 to . 1 cen¬ 
timeter) thick. Stainless steel is used because 
it resists rust and corrosion that might be 
caused by both naturally occurring environ¬ 
mental agents and by whatever is placed 
inside the unit. The next category of neces¬ 
sary components includes items purchased 
from outside suppliers: nuts, screws, insula¬ 
tion, motors, fans, and other miscellaneous 
items. The third type of necessary material is 
the electronics package, whose complexity 
will depend upon the sophistication of the 
unit in question. Such a package may have 
simple on/off switches with analog tempera¬ 
ture control or a state-of-the-art microproces¬ 
sor that can be programmed to maintain dif¬ 
ferent temperatures for varying intervals, or 
to operate various internal light systems. 


Design 

Like standard refrigerators, incubators are 
measured in terms of the chamber’s volume, 
which ranges from 5 to 10 cubic feet (1.5 to 3 
cubic meters) for countertop models and 
from 18 to 33 cubic feet (5.5 to 10 cubic 
meters) for free-standing models. 

The sheet metal is used to make two box con¬ 
figurations, an inner chamber and the case that 
encloses it. Insulation (if the chamber is 
heated electrically) or a water-jacket (if it is 
water-heated) surrounds the chamber, and the 
case supports it, the controls, and the doors. 
To prevent contamination and avoid fungal or 
bacterial growth, the chamber must be her¬ 
metically sealed, or rendered airtight, as must 
any apertures built into its walls. A glass door 
that allows scientists to observe the chamber’s 
contents without disturbing them fits against 
the chamber’s gasket, which helps to keep the 
incubator airtight. A steel door, solid and 
insulated, closes over the glass door. 

Two types of heat sources are used: electrical 
heaters that use fans to circulate the warmth 
they generate, and hot water jackets. In the 
former design, the inner chamber has an elec¬ 
trical heater mounted on an inside wall and 
covered by a perforated protective panel. 
Mounted in the chamber wall just above the 
heater is a fan whose motor extends through 
the chamber wall into the control area of the 
case and whose blades face inward. Other 
manufacturers heat the chamber by surround¬ 
ing it with a water-filled jacket. 

The dry-wall heater offer several advantages 
over the water-jacket. First, the former can 
change temperature within the chamber more 
quickly. Also, electrically heated units can be 
thermally decontaminated because the wall 
heaters not only warm the chamber more 
quickly but also heat it to higher temperatures 
(a unit is considered contaminant-free after its 
chamber temperature has been raised to 212 
degrees Fahrenheit or 100 degrees Celsius or 
above). Water jackets pose another problem 
wall heaters don’t: because they are pressur¬ 
ized, they can develop leaks. 

Humidity is generated by heating a small 
copper bowl that contains limited amounts of 
purified water; the resulting steam can be 
introduced into the chamber by means of a 
control valve. Interior lighting may also be 
used. Fluorescent and UV (ultra-violet) 
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The largest components in a labora¬ 
tory incubator are made of stainless 
steel sheet metal that is sheared, 
perforated, and bent to the proper 
shape. The pieces are joined 
together by screws, spot welding, or 
arc welding. Near the end of the 
assembly process, either a water 
jacket or insulation is inserted into 
the chamber. 


lamps can be installed separately or in com¬ 
bination. To adjust temperature, humidity, 
lights, ventilation, and any other special fea¬ 
tures, more sophisticated incubators feature 
control panels on their outer case. However, 
if the unit is a relatively simple one, it will 
provide only basic on/off switches with sim¬ 
ple analog temperature controls. Inside the 
chamber, a thermostat or thermocouple is 
strategically placed so that it can be viewed 
without difficulty from the outside. 

The Manufacturing 
Process 

Cutting, perforating, and bending 
the sheet metal 

First, 48 inch by 112 inch (122 centimeter 
by 284 centimeter) sheets of metal are cut 


into small, square pieces with a flat shear that 
resembles a very large, table top paper cutter. 

2 A CNC Turret Press is a machine pro¬ 
grammed with the dimensions of the 
sheet metal to be perforated and the location 
of each hole and notch; the shapes and sizes 
of each hole and notch also are entered. The 
machine has a magazine of punches in vary¬ 
ing sizes and pre-determined locations in a 
turret (rotary) holder. An operator places a 
sheet on the machine bed (table), positions it 
against three fixed points to insure square¬ 
ness, and clamps it to the table. The machine 
will then move the sheet steel over a bed of 
rollers to different positions under the turret 
before rotating the turret to the punch pro¬ 
grammed for that specific location and trig¬ 
gering the press to punch a hole. Machines 
of this design can house upwards of 60 dif- 
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ferent punch geometries and move and strike 
the sheet metal at high speeds. Most sheet 
metal cabinetry manufacturers use this tech¬ 
nology extensively. 

3 Neither computer programmed nor auto¬ 
mated, conventional punch presses per¬ 
form hard tooling ; in other words, they 
punch only a particular shape and size hole. 
Sheet metal is placed into a die by an opera¬ 
tor. As the press moves downward the sheet 
metal is punched. These machines cost less 
than CNC Presses, but the sheet metal must 
be placed in numerous presses to obtain the 
desired configuration of punches. 

After the sheet metal has been sheared 
and perforated, some pieces need to be 
bent in machines known as power press 
brakes or brakes for short. Brakes can range 
in length from 4 to 20 feet (1.2 to 6.1 meters), 
but they are typically about 10 feet (3 meters) 
long. Both the stationary bottom, or bed, and 
the moving upper, or ram, have slots that run 
the length of the machine. Because these 
slots are aligned, any tool placed into them 
will always be perfectly aligned. The bed 
has a rectangular block with an open “V” on 
its topside, while the ram has a knife-edged 
blade with a radius at its cutting edge. The 
ram’s descent into the open bottom “V” is 
controlled; the depth at which the blade 
enters the bed controls the angle at which the 
sheet metal is bent. A simple straight-edge 
serves as a back-gauge. 

Assembling the cabinets 

Next, the components of both chamber 
and case are fitted together, some with 
sheet metal screws. Others are joined by 
means of spot welding, a process in which 
separate pieces of material are fused with 
pressure and heat. 

6 Other components are arc welded using 
one of three methods. In the first method, 
known as MIG (metal-arc inert gas) welding, 
a coil of thin wire is threaded through a hand¬ 
held gun. A hose is connected from a tank of 
inert gas (usually argon) to the tip of the 
gun’s nozzle. A machine generating electri¬ 
cal current is attached to the wire in the gun 
and the work piece. When the gun’s trigger 
is pulled, the wire rod moves, feeding toward 
the work piece, and the gas is released, creat¬ 
ing an atmosphere at the point where the wire 


arcs with the metal. This allows the joining 
of the parts. 

7 The second arc welding method is known 
as stick welding. In this process, a thin 
rod approximately 12 inches long, .187 inch 
thick (30 centimeters long, .47 centimeter 
thick), and coated with a flux material is 
placed into a hand-held holder. This holder 
is attached to a machine generating an elec¬ 
trical charge. Also connected to the machine 
is a grounding cable that has an end clamped 
to the part to be welded. When the rod is 
close to the parts, an arc is struck, generating 
intense heat that melts the rod and flux. The 
flux acts as a cleanser, allowing the rod mate¬ 
rial to adhere to both pieces of metal. The 
welder drags the rod along the seams of the 
metal while maintaining its distance from the 
seam to allow the arc to remain constant. 

8 The third arc welding method used to 
assemble the incubator is TIG (tungsten- 
arc inert gas) welding, a combination of stick 
and MIG welding. In this process, a station¬ 
ary tungsten rod without any flux is inserted 
into a hand-held gun. Inert gas flows from a 
tank through the gun’s nozzle. When the 
trigger is pulled, the gas creates an atmos¬ 
phere; as the tungsten rod strikes its arc, the 
two parts fuse together without any filler 
metal. 

Painting the incubator 

9 At this point, the case may be painted to 
further provide surface protection, both 
inside and outside (the inner chamber is 
never painted). The box is spray painted, 
usually with an electrostatically charged 
powder paint. This process requires that a 
small electrical charge be applied so that it 
will attract the powder particles, which have 
been given an opposite charge. After the case 
is sprayed, it is moved into an oven that melts 
the powder particles, causing them to adhere 
to the freshly cleaned metal surface. This 
process is very clean, efficient, and environ¬ 
mentally friendly, and the high-quality paint 
resists most laboratory spills. 

Insulating or jacketing the chamber 

Next, the inner-chamber is wrapped 
with insulation (either blanket batting 
or hard-board), placed inside the case, and 
secured. If the unit is water-jacketed, the 
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In an electrically heated incubator, 
insulation—either blanket batting or 
hard-board insulation—is wrapped 
around the inner chamber and 
placed inside the case. In water 
heated incubators, the water jackets 
are likewise placed within the inside 
chamber. 

The chamber volume for a typical 
free-standing incubator ranges 
from 18 to 33 cubic feet. 


jacket is placed inside the case and the cham¬ 
ber inside the jacket. A sheet metal door is 
constructed using methods similar to that 
mentioned above. 

Assembling the control panel 

While the sheet metal cabinetry is 
being fabricated, a control panel is 
being assembled elsewhere in the factory. 
Following detailed electrical prints, electri¬ 
cians fasten different colored wire of varying 
thicknesses to electrical devices. The color 
scheme helps technicians to diagnose prob¬ 
lems quickly, and the various thicknesses 
allow for safe and efficient transfer of lower 
and higher voltages. Purchased electrical 
devices such as fuse blocks, switches, termi¬ 
nal blocks, and relays adhere to strict electri¬ 
cal codes. Finally, the wires from the control 
panel are attached to the control devices 
(on/off switches or micro-processors) and the 
electro-mechanical devices (fan motor, 
lights, and heaters). 

Final assembly, testing, and clean¬ 
ing 

The incubator now has its inner glass 
and the outer solid door attached, and 
shelving and supplemental features are 
installed. Each unit is 100 percent function¬ 


ally tested. The parameters for each test are 
set to verify the unit’s performance against 
advertised specifications or the customer’s 
requests, whichever is more stringent. Prob¬ 
lems are corrected, and the equipment is re¬ 
tested. A copy of the test result is kept on file 
and the original sent to the customer. 

The incubator receives a thorough 
cleaning inside and out. Shelves are 
removed and packaged separately, and the 
doors are taped closed. A brace is positioned 
under the door to help prevent sagging. Next, 
each unit is secured to a wooden skid and a 
corrugated cardboard box is placed around 
the case. Packing filler is put in-between the 
carton and the case. Finally, the product is 
shipped. 

Quality Control 

No quality standards are accepted by the 
entire incubator manufacturing industry. 
Some areas of the country may require UL 
(Underwriters Laboratory) Electrical 
Approval, but those standards apply only to 
the electro-mechanical devices being used. 
During the sheet metal work, manufacturers 
utilize in-house inspection processes that can 
vary widely, from formal first-piece inspec¬ 
tion to random lot sampling inspection. 
Some companies may keep records of their 
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findings, while others do not. Almost with¬ 
out exception, manufacturers do perfor¬ 
mance-level testing before shipment as 
described above. 

The Future 

While hospitals will always need neonatal 
incubators, the bio-technological industry is 
where the growth market lies for this prod¬ 
uct. Growth chamber type incubators will 
need to control temperature and relative 
humidity to more precise settings, as micro¬ 


biologists and researchers investigate new 
ways to improve our health and well-being. 

Where To Learn More 

Books 

Coyne, Gary. The Laboratory Handbook of 
Materials, Equipment, and Technique. Pren¬ 
tice Hall, 1991. 

—Frank Sokolo 
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Future laser guided missile 
systems will carry their 
own miniaturized laser on 
board, doing away with 
the need for target 
designator lasers on 
aircraft. These missiles, 
currently under 
development in several 
countries, are called "fire- 
and-forget" because a 
pilot can fire one and 
forget about it, relying on 
the missile's internal laser 
and detecting sensor to 
guide it towards its target. 


Background 

Missiles differ from rockets by virtue of a 
guidance system that steers them towards a 
pre-selected target. Unguided, or free-flight, 
rockets proved to be useful yet frequently 
inaccurate weapons when fired from aircraft 
during the World War II. This inaccuracy, 
often resulting in the need to fire many rock¬ 
ets to hit a single target, led to the search for 
a means to guide the rocket towards its tar¬ 
get. The concurrent explosion of radio-wave 
technology (such as radar and radio detection 
devices) provided the first solution to this 
problem. Several warring nations, including 
the United States, Germany and Great 
Britain, mated existing rocket technology 
with new radio- or radar-based guidance 
systems to create the world’s first guided 
missiles. Although these missiles were not 
deployed in large enough numbers to radi¬ 
cally divert the course of the World War II, 
the successes that were recorded with them 
pointed out techniques that would change the 
course of future wars. Thus dawned the era 
of high-technology warfare, an era that 
would quickly demonstrate its problems as 
well as its promise. 

The problems centered on the unreliability of 
the new radio-wave technologies. The mis¬ 
siles were not able to hone in on targets 
smaller than factories, bridges, or warships. 
Circuits often proved fickle and would not 
function at all under adverse weather condi¬ 
tions. Another flaw emerged as jamming 
technologies flourished in response to the 
success of radar. Enemy jamming stations 
found it increasingly easy to intercept the 
radio or radar transmissions from launching 
aircraft, thereby allowing these stations to 
send conflicting signals on the same fre¬ 


quency, jamming or “confusing” the missile. 
Battlefield applications for guided missiles, 
especially those that envisioned attacks on 
smaller targets, required a more reliable 
guidance method that was less vulnerable to 
jamming. Fortunately, this method became 
available as a result of an independent 
research effort into the effects of light ampli¬ 
fication. 

Dr. Theodore Maiman built the first laser 
(Light Amplification by Stimulated Emission 
of Radiation) at Hughes Research Laborato¬ 
ries in 1960. The military realized the poten¬ 
tial applications for lasers almost as soon as 
their first beams cut through the air. Laser 
guided projectiles underwent their baptism 
of fire in the extended series of air raids that 
highlighted the American effort in the Viet¬ 
nam War. The accuracy of these weapons 
earned them the well-known sobriquet of 
“smart weapons.” But even this new genera¬ 
tion of advanced weaponry could not bring 
victory to U.S. forces in this bitter and costly 
war. However, the combination of experi¬ 
ence gained in Vietnam, refinements in laser 
technology, and similar advances in electron¬ 
ics and computers, led to more sophisticated 
and deadly laser guided missiles. They 
finally received widespread use in Operation 
Desert Storm, where their accuracy and relia¬ 
bility played a crucial role in the decisive 
defeat of Iraq’s military forces. Thus, the 
laser guided missile has established itself as a 
key component in today’s high-tech military 
technology. 

Raw Materials 

A laser guided missile consists of four impor¬ 
tant components, each of which contains dif¬ 
ferent raw materials. These four components 
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CONSTRUCTING THE MISSILE BODY 


The missile body is die-cast in 
halves: molten metal (either alu¬ 
minum or steel) is poured into a 
metal die and cooled to form the 
proper shape. The two halves are 
then welded together. 

The principal laser components— 
the photo detecting sensor and opti¬ 
cal filters—are assembled in a 
series of operations that are sepa¬ 
rate from the rest of the missile's 
construction. Circuits that support 
the laser system are then soldered 
onto pre-printed boards. The circuit 
boards for the electronics suite are 
also assembled independently from 
the rest of the missile. If called for by 
the design, microchips are added to 
the boards at this time. 


are the missile body, the guidance system 
(also called the laser and electronics suite), 
the propellant, and the warhead. The missile 
body is made from steel alloys or high- 
strength aluminum alloys that are often 
coated with chromium along the cavity of the 
body in order to protect against the excessive 
pressures and heat that accompany a missile 
launch. The guidance system contains vari¬ 
ous types of materials—some basic, others 
high-tech—that are designed to give maxi¬ 
mum guidance capabilities. These materials 
include a photo detecting sensor and optical 
filters, with which the missile can interpret 
laser wavelengths sent from a parent aircraft. 
The photo detecting sensor’s most important 
part is its sensing dome, which can be made 
of glass, quartz, and/or silicon. A missile’s 
electronics suite can contain gallium-arsenide 
semiconductors, but some suites still rely 
exclusively on copper or silver wiring. 
Guided missiles use nitrogen-based solid pro¬ 
pellants as their fuel source. Certain addi¬ 
tives (such as graphite or nitroglycerine) can 


be included to alter the performance of the 
propellant. The missile’s warhead can con¬ 
tain highly explosive nitrogen-based mix¬ 
tures, fuel-air explosives (FAE), or phospho¬ 
rous compounds. The warhead is typically 
encased in steel, but aluminum alloys are 
sometimes used as a substitute. 

Design 

Two basic types of laser guided missiles 
exist on the modern battlefield. The first 
type “reads” the laser light emitted from the 
launching aircraft/helicopter. The missile’s 
electronic suite issues commands to the fins 
(called control surfaces) on its body in an 
effort to keep it on course with the laser 
beam. This type of missile is called a beam 
rider as it tends to ride the laser beam 
towards its target. 

The second type of missile uses on-board 
sensors to pick up laser light reflected from 
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the target. The aircraft/helicopter pilot 
selects a target, hits the target with a laser 
beam shot from a target designator, and then 
launches the missile. The missile’s sensor 
measures the error between its flight path and 
the path of the reflected light. Correction 
messages are then passed on to the missile’s 
control surfaces via the electronics suite, 
steering the missile onto its target. 

Regardless of type, the missile designer must 
run computer simulations as the first step of 
the design process. These simulations assist 
the designer in choosing the proper laser 
type, body length, nozzle configurations, 
cavity size, warhead type, propellant mass, 
and control surfaces. The designer then puts 
together a package containing all relevant 
engineering calculations, including those 
generated by computer simulations. The 
electronics suite is then designed around the 
capabilities of the laser and control surfaces. 
Drawings and schematics of all components 
can now be completed; CAD/CAM (Com¬ 
puter-Aided Design/Manufacture) technol¬ 
ogy has proven helpful with this task. Elec¬ 
tronics systems are then designed around the 
capabilities of the aircraft’s laser and the 
missile’s control surfaces. The following 
step consists of generating the necessary 
schematic drawings for the chosen electron¬ 
ics system. Another computer-assisted study 
of the total guided missile system constitutes 
the final step of the design process. 

The Manufacturing 
Process 

Constructing the body and attaching 
the fins 

I The steel or aluminum body is die cast in 
halves. Die casting involves pouring 
molten metal into a steel die of the desired 
shape and letting the metal harden. As it 
cools, the metal assumes the same shape as 
the die. At this time, an optional chromium 
coating can be applied to the interior surfaces 
of the halves that correspond to a completed 
missile’s cavity. The halves are then welded 
together, and nozzles are added at the tail end 
of the body after it has been welded. 

2 Moveable fins are now added at predeter¬ 
mined points along the missile body. 
The fins can be attached to mechanical joints 
that are then welded to the outside of the 


body, or they can be inserted into recesses 
purposely milled into the body. 

Casting the propellant 

3 The propellant must be carefully applied 
to the missile cavity in order to ensure a 
uniform coating, as any irregularities will 
result in an unreliable burning rate, which in 
turn detracts from the performance of the 
missile. The best means of achieving a uni¬ 
form coating is to apply the propellant by 
using centrifugal force. This application, 
called casting , is done in an industrial cen¬ 
trifuge that is well-shielded and situated in an 
isolated location as a precaution against fire 
or explosion. 

Assembling the guidance system 

4 The principal laser components—the 
photo detecting sensor and optical fil¬ 
ters—are assembled in a series of operations 
that are separate from the rest of the missile’s 
construction. Circuits that support the laser 
system are then soldered onto pre-printed 
boards; extra attention is given to optical 
materials at this time to protect them from 
excessive heat, as this can alter the wave¬ 
length of light that the missile will be able to 
detect. The assembled laser subsystem is now 
set aside pending final assembly. The circuit 
boards for the electronics suite are also assem¬ 
bled independently from the rest of the mis¬ 
sile. If called for by the design, microchips 
are added to the boards at this time. 

The guidance system (laser components 
plus the electronics suite) can now be 
integrated by linking the requisite circuit 
boards and inserting the entire assembly into 
the missile body through an access panel. 
The missile’s control surfaces are then linked 
with the guidance system by a series of relay 
wires, also entered into the missile body via 
access panels. The photo detecting sensor 
and its housing, however, are added at this 
point only for beam riding missiles, in which 
case the housing is carefully bolted to the 
exterior diameter of the missile near its rear, 
facing backward to interpret the laser signals 
from the parent aircraft. 

Final assembly 

6 Insertion of the warhead constitutes the 
final assembly phase of guided missile 
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Current laser guided missiles work 
in one of two ways. The first type, a 
"beam rider," reads the laser light 
emitted from the launching aircraft 
and rides the beam toward the tar¬ 
get. The second type uses on-board 
sensors to pick up laser light sent by 
the aircraft and reflected from the 
target. The sensors measure the 
error between the missile's flight 
path and the path of the reflected 
light, and the electronics suite alters 
the control surfaces as necessary to 
guide the missile toward the target. 


construction. Great care must be exercised 
during this process, as mistakes can lead to 
catastrophic accidents. Simple fastening 
techniques such as bolting or riveting serve 
to attach the warhead without risking safety 
hazards. For guidance systems that home-in 
on reflected laser light, the photo detecting 
sensor (in its housing) is bolted into place at 
the tip of the warhead. On completion of this 
final phase of assembly, the manufacturer 
has successfully constructed on of the most 
complicated, sophisticated, and potentially 
dangerous pieces of hardware in use today. 

Qualify Control 

Each important component is subjected to 
rigorous quality control tests prior to assem¬ 
bly. First, the propellant must pass a test in 
which examiners ignite a sample of the pro¬ 
pellant under conditions simulating the flight 
of a missile. The next test is a wind tunnel 
exercise involving a model of the missile 
body. This test evaluates the air flow around 
the missile during its flight. Additionally, a 
few missiles set aside for test purposes are 
fired to test flight characteristics. Further 
work involves putting the electronics suite 
through a series of tests to determine the 
speed and accuracy with which commands 
get passed along to the missile’s control sur¬ 
faces. Then the laser components are tested 
for reliability, and a test beam is fired to 
allow examiners to record the photo detect¬ 
ing sensor’s ability to “read” the proper 
wavelength. Finally, a set number of com¬ 
pleted guided missiles are test fired from air¬ 
craft or helicopters on ranges studded with 
practice targets. 


Byproducts/Waste 

Propellants and explosives used in warheads 
are toxic if introduced into water supplies. 
Residual amounts of these materials must be 
collected and taken to a designated disposal 
site for burning. Each state maintains its 
own policy pertaining to the disposal of 
explosives, and Federal regulations require 
that disposal sites be inspected periodically. 
Effluents (liquid byproducts) from the 
chromium coating process can also be haz¬ 
ardous. This problem is best dealt with by 
storing the effluents in leak-proof contain¬ 
ers. As an additional safety precaution, all 
personnel involved in handling any haz¬ 
ardous wastes should be given protective 
clothing that includes breathing devices, 
gloves, boots and overalls. 

The Future 

Future laser guided missile systems will 
carry their own miniaturized laser on board, 
doing away with the need for target designa¬ 
tor lasers on aircraft. These missiles, cur¬ 
rently under development in several coun¬ 
tries, are called “fire-and-forget” because a 
pilot can fire one of these missiles and forget 
about it, relying on the missile’s internal 
laser and detecting sensor to guide it towards 
its target. A further development of this 
trend will result in missiles that can select 
and attack targets on their own. Once their 
potential has been realized, the battlefields of 
the world will feel the deadly venom of these 
“brilliant missiles” for years to come. An 
even more advanced concept envisions a bat¬ 
tle rifle for infantry that also fires small, 
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laser guided missiles. Operation Desert 
Storm clearly showed the need for laser 
guided accuracy, and, as a result, military 
establishments dedicated to their missions 
will undoubtedly invent and deploy ever 
more lethal versions of laser guided mis¬ 
siles. 

Where To Learn More 

Books 

Bova, Ben. The Beauty of Light. John Wiley 
and Sons, 1988. 

Hallmark, Clayton L. and Delton T. Horn. 
Lasers: The Light Fantastic. TAB Books, 
1987. 

Hecht, Jeff. Optics: Light for a New Age. 
Charles Scribner’s Sons, 1987. 

Iannini, Robert. E. Build Your Own Fiberop¬ 
tic, Infrared, and Laser Space-Age Projects. 
TAB Books, 1987. 

Laurence, Clifford L. The Laser Book: A 
New Technology of Light. Prentice Hall, 
1986. 


Von Braun, Wernher, Frederick I. Ordway 
III, and Dave Dooling. Space Travel: A His¬ 
tory. Harper & Row, 1985. 

Wood, Derek. Jane’s World Aircraft Recog¬ 
nition Handbook. Jane’s Information Group, 
1989. 

Wulforst, Harry. The Rocketmakers. Orion 
Books, 1990. 

Periodicals 

“A Dull Scalpel for the Surgical Strike on 
Libya.” Discover. June, 1986, p. 8. 

Lenorowitz, Jeffrey M. “F-l 17s Drop Laser- 
Guided Bombs in Destroying Most Baghdad 
Targets.” Aviation Week and Space Technol¬ 
ogy. Feb. 4, 1991, p. 30. 

Magnusson, Paul. “American Smart Bombs, 
Foreign Brains.” Business Week. March 4, 
1991, p. 18. 

—Robert A. Cortese 
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Background 

The first soaps were manufactured in ancient 
times through a variety of methods, most 
commonly by boiling fats and ashes. Arche¬ 
ologists excavating sites in ancient Babylon 
have found evidence indicating that such 
soaps were used as far back as 2800 B.c. By 
the second century a.d., the Romans were 
regularly making soap, which they had prob¬ 
ably begun to produce even earlier. 

In Europe, the use of soap declined during 
the Middle Ages. However, by the fifteenth 
century, its use and manufacture had 
resumed, and an olive-oil based soap pro¬ 
duced in Castile, Spain, was being sold in 
many parts of the known world. Castile 
soap, which is still available today, has 
retained its reputation as a high-quality prod¬ 
uct. 

During the colonial period and the eigh¬ 
teenth century, Americans made their own 
soap at home, where most continued to pro¬ 
duce it until soap manufacture shifted away 
from individual homes to become an indus¬ 
try during the 1930s. The first detergent, or 
artificial soap, was produced in Germany 
during World War I. In 1946, the first built 
detergent appeared, comprising a surfactant 
(a surface-acting agent or soap) and a 
builder (a chemical that enhances the perfor¬ 
mance of the surfactant as well as rendering 
the laundering process more effective in 
other ways). Pushed along by economic 
prosperity and the development of relatively 
inexpensive washing machines in the wake 
of World War II, detergent sales soared; by 
1953, they had surpassed soap sales in the 
United States. 


Raw Materials 

Although people commonly refer to laundry 
detergent as “soap,” it is actually a synthetic 
combination that functions much like soap, 
with certain major improvements. Soap 
cleans because each soap molecule consists 
of a hydrocarbon chain and a carboxylic 
group (fatty acids) that perform two impor¬ 
tant functions. The carboxylate end of the 
soap molecule is hydrophilic, meaning that it 
is attracted to water, while the hydrocarbon 
end of the molecule is both hydrophobic 
(repelled by water) and attracted to the oil 
and grease in dirt. While the hydrophobic 
end of a soap molecule attaches itself to dirt, 
the hydrophilic end attaches itself to water. 
The dirt attached to the carboxylate end of 
the molecule is chemically dragged away 
from the clothes being cleaned and into the 
wash water. Properly agitating and rinsing 
the clothes furthers the cleansing process. 

The major difficulty with using soap to clean 
laundry shows up when it is used in hard 
water—water that is rich in natural minerals 
such as calcium, magnesium, iron, and man¬ 
ganese. When these chemicals react with 
soap, they form an insoluble curd called a 
precipitate. Difficult to rinse out, the precip¬ 
itate leaves visible deposits on clothing and 
makes fabric feel stiff. Even water that is not 
especially hard will eventually produce pre¬ 
cipitates over a period of time. 

While the hydrocarbons used in soap gener¬ 
ally come from plants or animals, those used 
in detergent can be derived from crude oil. 
Adding sulfuric acid to the processed hydro¬ 
carbon produces a molecule similar to the 
fatty acids in soap. The addition of an alkali 
to the mixture creates a surfactant molecule 


In 1946, the first built 
detergent appeared, 
comprising a surfactant 
and a builder. Pushed 
along by economic 
prosperity and the 
development of relatively 
inexpensive washing 
machines in the wake of 
World War II, detergent 
sales soared; by 1953, 
they had surpassed soap 
sales in the United States. 
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In the blender method of making 
powder laundry detergent, the 
ingredients—surfactant, builders, 
antiredeposition agents, and per¬ 
fumes—are simply blended 
together in a mixer, released onto a 
conveyor belt, and packaged 
accordingly. This method is favored 
by smaller companies. 





Conveyor belt 



that will not bond with the minerals in hard 
water, thus avoiding the accumulation of pre¬ 
cipitates. 

In addition to a surfactant, modem detergent 
contains several other ingredients. Among 
the most significant are builders, chemicals 
which serve several purposes. Most impor¬ 
tantly, they increase the efficiency of the sur¬ 
factant. They also sequester minerals in hard 
water, meaning that they hold them in solu¬ 
tion, preventing them from precipitating out. 
Furthermore, builders can emulsify oil and 
grease into tiny globules that can be washed 
away. Some, like sodium silicate, inhibit 
corrosion and help assure that the detergent 
will not damage a washing machine. Still 
other builders contribute to the chemical bal¬ 
ance of the wash water, making sure that it 
conduces to effective washing. 

Modem detergents have several other ingre¬ 
dients including antiredeposition agents, 
chemicals that help prevent soil from settling 


back on washed clothes. Fluorescent whiten¬ 
ing agents are also common. By converting 
invisible ultraviolet light into visible blue 
light, these help to maintain brightness or 
whiteness. Oxygen bleaches such as sodium 
perborate improve the detergency of the mix¬ 
ture, especially in low-phosphate or no-phos¬ 
phate products, as well as helping to remove 
some types of stains. Processing aids such as 
sodium sulfate are also used to prevent cak¬ 
ing and to standardize product density. 

Enzymes and perfumes are also found in 
commercial detergents. Enzymes (a type of 
protein) break down some stains to make 
them easier to remove and are an essential 
ingredient in various pre-soak products used 
to treat heavily soiled clothes prior to laun¬ 
dering. Perfumes or fragrances cover the 
odor of the dirt and any chemical smell from 
the detergent itself. Suds control agents also 
have a role in detergents—too many suds can 
cause mechanical problems with a washing 
machine. 
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The Manufacturing 
Process 

Although there are three ways of manufac¬ 
turing dry laundry detergent, only two are 
commonly used today. In the blender 
process favored by smaller companies, the 
ingredients are mixed in large vats before 
being packaged. The machines used are very 
large: a common blender holds 4,000 
pounds (1,816 kilograms) of mixed material, 
but the blenders can accommodate loads 
ranging from 500 to 10,000 pounds (227 to 
4,540 kilograms). By industry standards, 
these are small batches for which the blender 
process is ideal. While some settling may 
occur, the resulting detergent is of high qual¬ 
ity and can compete with detergents made by 
other processes. The second commonly used 
method of production is called the agglomer¬ 
ation process. Unlike the blender process, it 
is continuous, which makes it the choice of 
very large detergent manufacturers. The 
agglomeration process can produce between 
15,000 and 50,000 pounds (6,800 and 22,700 
kilograms) of detergent per hour. In the third 
method, dry ingredients are blended in water 
before being dried with hot air. Although the 
resulting product is of high quality, the fuel 
costs and engineering problems associated 
with venting, reheating, and reusing the air 
have led to this method being largely 
replaced by agglomeration. 

The blender process 

1 First, ingredients are loaded into one of 
two machines: a tumbling blender or a 
ribbon blender. The tumbling blender, 
shaped like a rectangular box, is turned and 
shaken from outside by a machine, while the 
ribbon blender is a cylinder fitted with blades 
to scrape and mix the ingredients. After the 
ingredients inside the blender have been 
mixed, a doorway at the bottom of the bowl 
is opened. With the blender still agitating the 
ingredients, the mix is allowed to run out 
onto a conveyor belt or other channeling 
device. The belt then moves the detergent to 
another area of the factory where it can be 
dropped into boxes or cartons for delivery to 
wholesalers or distributors. 

The agglomeration process 

2 In this method, dry ingredients for a 
detergent are first fed into a large machine 


known as a Shuggi agglomerator (Shuggi is 
the manufacturer). Inside the agglomerator, 
sharp, whirling blades mix the material to a 
fine consistency; the process resembles food 
being textured inside a food processor. 

3 After the dry ingredients have been 
blended, liquid ingredients are sprayed 
on the dry mix through nozzles fitted into the 
agglomerator’s walls. The blending contin¬ 
ues, causing an exothermic (heat-producing) 
reaction to occur. The resulting mixture is a 
hot, viscous liquid similar to gelatin that 
hasn’t hardened. 

Next, the liquid is allowed to flow out of 
the agglomerator. As it leaves the 
machine, it collects on a drying belt where its 
own heat, exposure to air, and hot air blowers 
render it friable—easy to crush or crumble. 
The newly made detergent is then pulverized 
and pushed through sizing screens that 
ensure that no large lumps of unmixed prod¬ 
uct go out to the market. The result of this 
process is a dry detergent made up of gran¬ 
ules of the mixed detergent. 

The slurry method 

In this process, ingredients are dissolved 
in water to create a slurry. With a pump, 
the slurry is blown through nozzles inside the 
top of a cone shaped container as hot, dry air 
is simultaneously forced into the bottom of 
the cone. As the slurry dries, “beads” of dry 
detergent fall to the bottom of the cone, 
where they can be collected for packaging. 

Liquid detergent 

If the detergent is to be liquid rather than 
powder, it is simply mixed back in— 
after all ingredients are blended—with a 
solution consisting of water and various 
chemicals known as solubilizers. The solubi¬ 
lizers help the water and detergent blend 
together more fully and evenly. 

Quality Control 

Manufacturers constantly monitor the quality 
of their detergents, and they utilize the same 
testing methods to assess the effectiveness of 
new products. In one method, light is shined 
onto a piece of fabric that has been soiled and 
then washed in the test detergent. The 
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To make liquid detergent, the dry 
powder is simply mixed back in 
with a solution consisting of water 
and chemicals known as "solubiliz¬ 
ers." These chemicals help the water 
and detergent blend together more 
evenly. 


amount of light reflected, compared to the 
amount reflected by a sample of the original 
fabric, is a measure of cleanliness. A reflec¬ 
tion rate of 98 percent is considered quite 
good and indicates that the detergent has 
cleaned properly. 

Another method involves laboratory burning 
of a small amount of material that has been 
soiled and then laundered. The weight of the 
ashes, plus the weight of the gaseous results 
of the burning, reveal how much of the dirt 
remained in the fabric after laundering. A 
result that is much higher than a clean test 
sample indicates that a significant amount of 
dirt was retained in the laundered sample. 
Naturally, the goal is to come as close to the 
weight of a clean control sample as possible. 

Byproducts 

In recent years, the laundry detergent industry 
has been faced with two environmental chal¬ 
lenges, both of which have seem to have been 
dealt with successfully. Environmentalists 
were concerned that phosphate builders 
added large amounts of phosphorous com¬ 
pounds to the nation’s waterways. Acting as 
a fertilizer, the phosphorus stimulated the 
growth of algae, and these unnaturally large 
crops of algae significantly depleted the 
amount of dissolved oxygen in water. This 


decrease in free oxygen harmed other marine 
life, thus threatening to disrupt normal eco¬ 
logical patterns. 

This problem, and the environmental pres¬ 
sure and legislation it prompted in the late 
1960s, led manufacturers to develop effec¬ 
tive builders that did not contain phosphates. 
Today, detergents sold in many states are 
phosphate-free. Although this adjustment did 
not entail a change in the manufacturing 
process, it did require a research effort that 
took several months to devise a satisfactory 
alternative. 

An earlier environmental problem was that 
of excess detergent foam appearing in the 
nation’s waterways. In the early 1950s, when 
home use of washing machines and laundry 
detergents grew at an explosive rate, there 
were several instances of large amounts of 
foam appearing in rivers and streams, 
although detergent may not have been the 
only cause of the foaming. Over a period of 
five years, from 1951 to 1956, it was found 
that a common surfactant, ABS (alkyl ben¬ 
zene sulfonate), the detergent ingredient that 
contributed to foaming, was responsible. 
ABS’s complex molecular structure did not 
biodegrade rapidly enough to keep it from 
foaming once washing water was discharged. 
A proven replacement was not immediately 
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available. Beginning in 1956, however, 
manufacturers replaced ABS with LAS (lin¬ 
ear alkylate sulfonate), which biodegrades 
rapidly, and since that time, LAS has been 
the primary foaming agent in detergents. 

Where To Learn More 

Books 

De Groot, W. Herman. Sulphonation Tech¬ 
nology in the Detergent Industry. Kluwer 
Academic Publishers, 1991. 

Periodicals and Pamphlets 

Marbach, William D. “Cleaner Clothes from 
Worms.” Business Week. December 7, 1992, 
p. 123. 


Pinder, Jeanne B. “Laundry Detergent Takes 
Formula from Nature.” New York Times. 
March 10, 1993, p. C3 (N). 

Smith, Emily T. “Fungus around the Collar 
Could Clean Up Lipstick Stains.” Business 
Week. February 15, 1988, p. 107. 

Soaps and Detergents. The Soap and Deter¬ 
gent Association, 1981. 

—Lawrence H. Berlow 
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Lawn Mower 


The first mechanical grass- 
cutting device was 
developed in 1830 by 
Edwin Budding, who 
created two sizes: large 
and small. The large 
mower had to be drawn 
by horses, whose hooves 
were temporarily shod 
with rubber boots to 
prevent them from 
damaging the turf; the 
head gardener at the 
London Zoo was among 
the first to purchase this 
model. 


Background 

The lawn mower is a mechanical device that 
literally shaves the surface of the grass by 
using a rapidly rotating blade or blades. 

For centuries, grass was cut by workers who 
walked through pastures or fields wielding 
small, sharp scythes. In addition to being tir¬ 
ing and slow, manual cutting was ineffec¬ 
tive—the scythes worked well only when the 
grass was wet. The first mechanical grass- 
cutting device appeared in 1830, when an 
English textile worker named Edwin Bud¬ 
ding developed a mower allegedly based on a 
textile machine used to shear the nap off of 
cloth. Budding’s cylindrical mower was 
attached to a rear roller that propelled it with 
a chain drive, and it shaved grass with a 
curved cutting edge attached to the cylinder. 
He created two sizes, large and small. The 
large mower had to be drawn by horses, 
whose hooves were temporarily shod with 
rubber boots to prevent them from damaging 
the turf; the head gardener at the London Zoo 
was among the first to purchase this model. 
Budding marketed the smaller mower to 
country gentlemen, who would, he claimed, 
“find in [his] machine an amusing, useful 
and healthful exercise.” 

Mechanized grass cutting was evidently slow 
to catch on, perhaps because Budding’s 
mower was quite heavy in addition to being 
inefficiently geared. Only two lawn mower 
manufacturers exhibited their machines at 
England’s Great Exhibition in 1851. How¬ 
ever, several decades later the new machines 
experienced a surge in popularity due to the 
interest in lawn tennis that arose in England 
during the late Victorian period. Before the 
turn of the century. Budding’s initial designs 


were improved. Weighing considerably less 
than their predecessors and based on the side 
wheel design still used in today’s most popu¬ 
lar mowers, these refined machines were 
soon visible in yards throughout England. 

The earliest gas-driven lawn mowers were 
designed in 1897 by the Benz Company of 
Germany and the Coldwell Lawn Mower 
Company of New York. Two years later an 
English company developed its own model; 
however, none of these companies mass pro¬ 
duced their designs. In 1902 the first com¬ 
mercially produced power mower, designed 
by James Edward Ransome, was manufac¬ 
tured and sold. Although Ransome’s mower 
featured a passenger seat, most early mowers 
did not, and even today the most popular 
models are pushed from behind. 

Power mowers are presently available in four 
basic designs: the rotary mower, the power 
reel mower, the riding mower, and the trac¬ 
tor. Because the rotary mower is by far the 
most common, it is the focus of this entry. 
Pushed from behind, rotary mowers feature a 
single rotating blade enclosed in a case and 
supported by wheels. As the engine turns, it 
spins the blade. The blade whirls at 3,000 
revolutions per minute, virtually 19,000 feet 
(5,800 meters) per minute at the tip of the 
blade where the cutting actually occurs. The 
best rotaries feature a horn of plenty (cornu¬ 
copia) or wind tunnel shape curving around 
the front of the housing and ending at the dis¬ 
charge chute through which the mown grass 
flies out. Self-propelled models are driven 
by a chain or belt connected to the engine’s 
drive shaft. A gearbox usually turns a hori¬ 
zontal axle which in turn rotates the wheels. 
Some models have a big chain- or belt-driven 
movable unit that rises up off and settles 
down on the wheels. 
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The power reel mower features several 
blades attached at both ends to drums that are 
attached to wheels. The coupled engine 
drive shaft that spins the reel can also be 
rigged to propel the mower, if desired. Over¬ 
lapping the grass, this machine’s five to 
seven blades pull it against a cutting bar at 
the bottom of the mower. Then one or more 
rollers smooth and compact the clippings as 
the mower goes over them. Reel mowers are 
more efficient than rotary mowers because 
the latter actually use only the end of the 
blade to do most of the cutting, whereas the 
fixed blades in a reel mower cut with the 
entire length of both edges. However, rotary 
mowers are easier to manufacture because 
the basic design is simpler, and they are also 
favored over reel mowers on most types of 
turf. By industry estimates, most of the 40 
million mowers in use on any given summer 
Saturday are rotary mowers. 


Raw Materials 


Lawn mower components 
arrive at factory to 
areas for assembly. 


4 


Mower pan is machine 
stamped with pressure. 


s 

* 


Lawn mower shell is washed 
in alkaline and phosphate. 


After arrival at the factory, the vari¬ 
ous parts are formed, painted, and 
assembled. The mower pan is 
machine-stamped before undergo¬ 
ing plasma cutting, which creates 
apertures in the pan. Other parts 
are welded to the pan, and then the 
entire shell is prepared for an elec¬ 
trostatic paint coating. 


The typical gas-powered walk-behind 
mower may have as many as 270 individual 
parts, including a technologically advanced 
two- or four-cycle engine, a variety of 
machined and formed parts, various sub- 
assemblies purchased from outside contrac¬ 
tors, and many pieces of standard hardware. 
Most of these pieces are metal, including the 
major components: mower pan, handlebar, 
engine, and blades. A few, however, are 
made of plastic, such as side discharge 
chutes, covers, and plugs. 

The Manufacturing 
Process 

Manufacturing the conventional rotary lawn 
mower requires precision inventory control, 
strategic placement of parts and personnel, 
and synchronization of people and tasks. In 
some instances, robotic cells are used in con¬ 
junction with a trained labor force. 

Unloading and distributing the com¬ 
ponents 

Trucked into the plant’s loading dock, the 
components are moved by forklifts or 
overhead trolleys to other centers for form¬ 
ing, machining, painting, or, if they require 
no additional work upon arrival, assembly. 


The mower pan 

2 The steel mower pan, the largest single 
part and one used in various models, is 
first machine-stamped under great heat and 
pressure. The pan is then transported to a 
robotic cell, where a plasma cutter creates 
apertures in it. The term plasma refers to any 
of a number of gases (argon is commonly 
used) that can be raised to high temperature 
and highly ionized by being passed through a 
constricted electrical arc. When directed 
through the narrow opening of a torch, this 
hot, ionized gas can be used for both cutting 
and welding. 

3 After other elements such as baffles 
(deflecting plates) are welded on, the fin¬ 
ished pan and a number of other exposed 
parts are powder painted in a sealed room. 
Powder painting entails thoroughly washing 
the parts in alkaline and phosphate solutions 
and rinsing them to seal the surfaces. The 
parts are then attached to overhead convey¬ 
ors and run through a paint booth. Fine paint 
particles are sprayed from a gun that imbues 
them with an electrostatic charge—opposite 
to the charge given to the part being 
painted—that causes the paint to adhere to 
the surface of the parts evenly. Next, the 
parts are baked in ovens to produce a perma¬ 
nently fixed, enamel-like coating. The pan 
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The shell is painted electrostatically and other parts are now ready to withstand Other subassemblies 

and then baked to seal the paint. years of exposure to corrosive grass fluids 

Meanwhile, the handelbar is bent and ((-j e constant peppering from dirt and fZ The other major subassemblies are also 

and pierced by robots, and then the debris kicked up in the cutting process. ^ created at various plant centers using 

remaining components are assem- formed, machined, or purchased materials 

and standard hardware. Parts purchased from 
Shaping the handlebar outside suppliers include engines built to 

manufacturer’s physical and performance 

4 The handlebar is created in a robotic cell specifications, tires, shift mechanisms, 

whose mechanical arms perform three wiring harnesses, and bearings. Injection- 

operations. In a bender, the tubing is first molded plastic parts are purchased for use in 

bent in at least four places. A second press side discharge chutes, covers, and plugs, 

operation flattens the ends, and a third Injection molding refers to a process in 

pierces fourteen or so round and square holes which molten plastic is squirted into a mold 

in the tubing. These holes will accommodate an d then allowed to cool. As it cools, the 

the starting mechanism, blade and wheel plastic assumes the shape of the mold, 
drive control, and the pan attachment. The 

finished handlebar is then transported to a / Assembly teams put the six or more 
subassembly station, where many of the con- U major subassemblies together on a rolling 
trols are added. line at a pace determined by the task and 
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skills required. The engine is first placed 
upside down in a frame fixture, and the 
mower pan is bolted down along with the 
drive mechanism. Then come the rear axle, 
brackets, and rods to secure the shift controls. 
The blade and accompanying clutch wheels 
and parts are fastened to the engine through 
the pan opening with preset air-driven torque 
wrenches. After another team member adds 
hardware and wheels, the unit is flipped onto 
its wheels. The handlebar is attached, and 
control cables are secured and set. Finally, 
the mower—each mower—is performance- 
tested before shipment to dealers, where 
some final set-up adjustments are made. 

Quality Control 

Inspectors monitor the manufacturing process 
throughout the production run, checking fits, 
seams, tolerances, and finishes. In particular, 
the paint operation is scrutinized. Samples of 
each painted part are regularly pulled off the 
line for ultrasonic testing, a process that uti¬ 
lizes the corrosion activity created in a salt 
bath to simulate 450 hours of continuous 
exposure to the natural environment. Painted 
parts are also scribed and the deterioration of 
the exposed surface watched for tell-tale 
signs of rust. If needed, the paint or cleaning 
cycles are adjusted to assure high quality and 
durable finishes. 

Final performance testing—the last step in 
the assembly sequence—guarantees reliabil¬ 
ity and safety for users. A small quantity of a 
gas/oil mixture is added to each engine. A 
technician cranks the engine and checks its 
rpm with a gauge; drive elements and safety 
switches are also checked. As required by 
current Consumer Product Safety Commis¬ 
sion regulations, the mower blade, when run¬ 
ning, must stop within three seconds after the 
control handle is released. 

The Future 

Like many other machines, the lawn mower 
will benefit from the development of new 
and more efficient power sources. A recent 


invention is the solar-powered lawn mower, 
which uses energy from the sun rather than 
gasoline as fuel. It needs no tuneups or oil 
changes, and it operates very quietly. Per¬ 
haps its biggest drawback is the amount of 
energy its battery can store: only enough for 
two hours of cutting, which must be followed 
by three days of charging. However, as bat¬ 
teries with more storage capabilities are 
developed, this drawback will disappear. 

Where To Learn More 

Books 

Davidson, Homer L. Care and Repair of 
Lawn and Garden Tools. TAB Books, 1992. 

Hall, Walter. Parp’s Guide to Garden and 
Power Tools. Rodale Press, 1983. 

Nunn, Richard. Lawn Mowers and Garden 
Equipment. Creative Homeowner Press, 
1984. 

Peterson, F. Handbook of Lawn Mower 
Repair. Putnam, 1984. 

Periodicals 

Buderi, Robert. “Now, You Can Mow the 
Lawn from Your Hammock.” Business 
Week. May 14,1990, p. 64. 

“Robo-Mower.” The Futurist. January-Feb- 
ruary, 1989, p. 39. 

Kimber, Robert. “Pushing toward Safety: 
The Evolution of Lawn-Mower Design.” 
Horticulture. May, 1990, p. 70. 

Murray, Charles J. “Riding Mower’s Design 
Reduces Turning Radius.” Design News. 
April 5,1993, p. 81. 

Smith, Emily T. “A Lawn Mower That Gets 
Its Power from the Sun.” Business Week. 
February 11, 1991, p. 80. 

—Peter Toeg 



Light Bulb 


On October 19, 1879, 
Thomas Edison ran his first 
test of this new lamp. It ran 
for two days and 40 
hours; October 21 —the 
day the filament finally 
burned out—is the usual 
date given for the 
invention of the first 
commercially practical 
lamp. 


Background 

From the earliest periods of history until the 
beginning of the 19th century, fire was man’s 
primary source of light. This light was pro¬ 
duced through different means—torches, 
candles, oil and gas lamps. Besides the dan¬ 
ger presented by an open flame (especially 
when used indoors), these sources of light 
also provided insufficient illumination. 

The first attempts at using electric light were 
made by English chemist Sir Humphry 
Davy. In 1802, Davy showed that electric 
currents could heat thin strips of metal to 
white heat, thus producing light. This was the 
beginning of incandescent (defined as glow¬ 
ing with intense heat) electric light. The next 
major development was the arc light. This 
was basically two electrodes, usually made 
of carbon, separated from each other by a 
short air space. Electric current applied to 
one of the electrodes flowed to and through 
the other electrode resulting in an arc of light 
across the air space. Arc lamps (or light 
bulbs) were used mainly in outdoor lighting; 
the race was still on among a large group of 
scientists to discover a useful source of 
indoor illumination. 

The primary difficulty holding back the 
development of a commercially viable incan¬ 
descent light was finding suitable glowing 
elements. Davy found that platinum was the 
only metal that could produce white heat for 
any length of time. Carbon was also used, but 
it oxidized quickly in air. The answer was to 
develop a vacuum that would keep air away 
from the elements, thus preserving the light- 
producing materials. 

Thomas A. Edison, a young inventor work¬ 
ing in Menlo Park, New Jersey, began work¬ 


ing on his own form of electric light in the 
1870s. In 1877 Edison became involved with 
the rush for a satisfactory electric light 
source, devoting his initial involvement to 
confirming the reasons for his competitors’ 
failures. He did, however, determine that 
platinum made a much better burner than 
carbon. Working with platinum, Edison 
obtained his first patent in April of 1879 on a 
relatively impractical lamp, but he continued 
searching for an element that could be heated 
efficiently and economically. 

Edison also tinkered with the other compo¬ 
nents of the lighting system, including build¬ 
ing his own power source and devising a 
breakthrough wiring system that could han¬ 
dle a number of lamps burning at the same 
time. His most important discovery, how¬ 
ever, was the invention of a suitable filament. 
This was a very thin, threadlike wire that 
offered high resistance to the passage of elec¬ 
tric currents. Most of the early filaments 
burned out very quickly, thus rendering these 
lamps commercially useless. To solve this 
problem, Edison began again to try carbon as 
a means of illumination. 

He finally selected carbonized cotton thread 
as his filament material. The filament was 
clamped to platinum wires that would carry 
current to and from the filament. This assem¬ 
bly was then placed in a glass bulb that was 
fused at the neck (called sealing-in). A vac¬ 
uum pump removed the air from the bulb, a 
slow but crucial step. Lead-in wires that 
would be connected to the electrical current 
protruded from the glass bulb. 

On October 19, 1879, Edison ran his first test 
of this new lamp. It ran for two days and 40 
hours (October 21—the day the filament 


256 



Light Bulb 


finally burned out—is the usual date given 
for the invention of the first commercially 
practical lamp). Of course, this original lamp 
underwent a number of revisions. Manufac¬ 
turing plants were set up to mass produce 
light bulbs and great advances were made in 
wiring and electrical current systems. How¬ 
ever, today's incandescent light bulbs greatly 
resemble Edison’s original lamps. The major 
differences are the use of tungsten filaments, 
various gases for higher efficiency and 
increased lumination resulting from fila¬ 
ments heated to higher temperatures. 

Although the incandescent lamp was the first 
and certainly the least expensive type of light 
bulb, there are a host of other light bulbs that 
serve myriad uses: 

• Tungsten halogen lamps 

• Fluorescent lamps are glass tubes that con¬ 
tain mercury vapor and argon gas. When 
electricity flows through the tube, it causes 
the vaporized mercury to give off ultravio¬ 
let energy. This energy then strikes phos¬ 
phors that coat the inside of the lamp, giv¬ 
ing off visible light. 

• Mercury vapor lamps have two bulbs—the 
arc tube (made of quartz) is inside a pro¬ 
tecting glass bulb. The arc tube contains 
mercury vapor at a higher pressure than 
that of the fluorescent lamp, thus allowing 
the vapor lamp to produce light without 
using the phosphor coating. 

• Neon lamps are glass tubes, filled with 
neon gas, that glow when an electric dis¬ 
charge takes place in them. The color of 
the light is determined by the gas mixture; 
pure neon gas gives off red light. 

• Metal halide lamps, used primarily out¬ 
doors for stadiums and roadways, contain 
chemical compounds of metal and halo¬ 
gen. This type of lamp works in much the 
same fashion as the mercury vapor lamps 
except that metal halide can produce a 
more natural color balance when used 
without phosphors. 

• High-pressure sodium lamps are also simi¬ 
lar to mercury vapor lamps; however, the 
arc tube is made of aluminum oxide 
instead of quartz, and it contains a solid 
mixture of sodium and mercury. 


M ore than twenty inventors, doling back to the 1830s, hod produced 
incandescent electric lights by the hmc Thomas Edison entered the 
search. The 1870s was the crucial decade, us the technologies of production 
ond the forces of demand combined to make the search for a commercially 
feasible electro, light the high-tech, high-stakes race of the era Edison hod 
established his research laboratory in rural Menlo Pork, New Jersey, mid¬ 
way between New York City and Philadelphia The laboratory building and 
several outbuildings were constructed in 1876 with profits Edison hod mude 
with his telegraph inventions He initially intended to take pro|ects from any 
investor who wanted his help nnd to continue working on his own ideas in 
telegraph and telephone systems. He said he thought the laboratory could 
produce a new invention every ten days and a major breakthrough every six 
months. 

In 1877, Edison decided to enter the highly publicized race For a successful 
light bulb ond enlarged his laboratory facilities with o machine shop and an 
office and research library. The staff grew from 12 to over 60 os Edison tack 
led the entire lighting system, from generator ro insulator to incandescent 
bulb. Along the way, Edison created a nfcw process of invention, orchestral 
ing a team approach that brought financing, materials, tools, and skilled 
workers together into an “invention factory " Thus, the search for the light 
bulb Illustrated new forms of icseorch und development that weie later devel 
oped by General Electric. Wesfmghouse, and other Gompanies. 

Wi/fiom 5. Pretzer 


Raw Materials 

This section as well as the following one 
(The Manufacturing Process) will focus on 
incandescent light bulbs. As mentioned ear¬ 
lier, many different materials were used for 
the filament until tungsten became the metal 
of choice during the early part of the twenti¬ 
eth century. Although extremely fragile, 
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One of the main components in a 
light bulb, the filament, is prepared 
by mixing tungsten and binder and 
then drawing the mixture into a fine 
wire around a steel mandrel. After 
heating the wire and then dissolving 
the mandrel with acid, the filament 
assumes its proper coiled shape. 


tungsten filaments can withstand tempera¬ 
tures as high as 4500 degrees Fahrenheit 
(2480 degrees Celsius) and above. The 
development of the tungsten filaments is 
considered the greatest advancement in light 
bulb technology because these filaments 
could be produced cheaply and last longer 
than any of the previous materials. 

The connecting or lead-in wires are typically 
made of nickel-iron wire (called dumet 
because it uses two metals). This wire is 
dipped into a borax solution to make the wire 
more adherent to glass. The bulb itself is 
made of glass and contains a mixture of 
gases, usually argon and nitrogen, which 
increase the life of the filament. Air is 
pumped out of the bulb and replaced with the 
gases. A standardized base holds the entire 
assembly in place. The base, known as the 
“Edison screw base,” was originally made of 
brass and insulated with plaster of paris and, 
later, porcelain. Today, aluminum is used on 
the outside and glass is used to insulate the 
inside of the base, producing a stronger base. 

The Manufacturing 
Process 

The uses of light bulbs range from street 
lights to automobile headlights to flash¬ 
lights. For each use, the individual bulb dif¬ 


fers in size and wattage, which determine the 
amount of light the bulb gives off (lumens). 
However, all incandescent light bulbs have 
the three basic parts-—the filament, the bulb 
and the base. Originally produced by hand, 
the light bulb manufacture is now almost 
entirely automated. 

Filament 

I The filament is manufactured through a 
process known as drawing, in which tung¬ 
sten is mixed with a binder material and 
pulled through a die—a shaped orifice—into 
a fine wire. Next, the wire is wound around a 
metal bar called a mandrel in order to mold it 
into its proper coiled shape, and then it is 
heated in an process known as annealing. 
This process softens the wire and makes its 
structure more uniform. The mandrel is then 
dissolved in acid. 

2 The coiled filament is attached to the 
lead-in wires. The lead-in wires have 
hooks at their ends which are either pressed 
over the end of the filament or, in larger 
bulbs, spot-welded. 

Glass bulb 

3 The glass bulbs or casings are produced 
using a ribbon machine. After heating in 


2 58 




Light Bulb 



a furnace, a continuous ribbon of glass 
moves along a conveyor belt. Precisely 
aligned air nozzles blow the glass through 
holes in the conveyor belt into molds, creat¬ 
ing the casings. A ribbon machine moving at 
top speed can produce more than 50,000 
bulbs per hour. After the casings are blown, 
they are cooled and then cut off of the ribbon 
machine. Next, the inside of the bulb is 
coated with silica to remove the glare caused 
by a glowing, uncovered filament. The com¬ 
pany emblem and bulb wattage are then 
stamped onto the outside top of each casing. 

Base 

The base of the bulb is also constructed 
using molds. It is made with indentations 
in the shape of a screw so that it can easily fit 
into the socket of a light fixture. 


Assembly 

Once the filament, base, and bulb are 
made, they are fitted together by 
machines. First, the filament is mounted to 
the stem assembly, with its ends clamped to 
the two lead-in wires. Next, the air inside the 
bulb is evacuated, and the casing is filled 
with an argon and nitrogen mixture. These 
gases ensure a longer-life for the filament. 
The tungsten will eventually evaporate and 
break. As it evaporates, it leaves a dark 
deposit on the bulb known as bulb-wall 
blackening. 

6 Finally, the base and the bulb are sealed. 

The base slides onto the end of the glass 
bulb such that no other material is needed to 
keep them together. Instead, their conform¬ 
ing shapes allow the two pieces to be held 




Virtually the entire light bulb manu¬ 
facturing process is automated. The 
glass bulbs are blown by a ribbon 
machine that can produce more 
than 50,000 bulbs per hour. After 
the filament and stem assembly are 
inserted into the bulb, the air inside 
the bulb is evacuated and an 
argon/nitrogen mixture is pumped 
in. Finally, the base is sealed on. 
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together snugly, with the lead-in wires touch¬ 
ing the aluminum base to ensure proper elec¬ 
trical contact. After testing, bulbs are placed 
in their packages and shipped to consumers. 

Quality Control 

Light bulbs are tested for both lamp life and 
strength. In order to provide quick results, 
selected bulbs are screwed into life test racks 
and lit at levels far exceeding their normal 
burning strength. This provides an accurate 
reading on how long the bulb will last under 
normal conditions. Testing is performed at 
all manufacturing plants as well as at some 
independent testing facilities. The average 
life of the majority of household light bulbs 
is 750 to 1000 hours, depending on wattage. 

The Future 

The future of the incandescent light bulb is 
uncertain. While heating a filament until it 
glows is certainly a satisfactory way to pro¬ 
duce light, it is extremely inefficient: about 
95 percent of the electricity supplied to a typ¬ 
ical light bulb is converted to heat, not light. 
In a world with dwindling resources, where 
energy conservation is increasingly vital, this 
inefficiency may eventually make the incan¬ 
descent light bulb impractical. 

There are other light sources already in use 
that could supplant the incandescent bulb. 
Fluorescent tubes, for instance, already dom¬ 
inate the industrial market, and undoubtedly 
they will find increasing use as a domestic 
light source as well. Fluorescent bulbs use at 
least 75 percent less energy than incandes¬ 
cent bulbs and can last twenty times longer. 
The recent development of “compact” fluo¬ 


rescent bulbs, which unlike the standard flu¬ 
orescent tube can screw into a typical domes¬ 
tic lamp, may expand the domestic market 
for fluorescent lighting. 

Another recent development is the “radio¬ 
wave bulb,” a bulb that creates light by trans¬ 
mitting energy from a radio-wave generator 
to a mercury cloud, which in turn produces 
ultraviolet light. A phosphor coating on the 
bulb then converts the ultraviolet light into 
visible light. Such bulbs use only 25 percent 
as much energy as incandescent bulbs, and 
they can last a decade or more. They are also 
completely interchangeable with incandes¬ 
cent bulbs. 

Where To Learn More 

Books 

Friedel, Robert. Edison’s Electric Light: 
Biography of an Invention. Rutgers Univer¬ 
sity Press, 1987. 

Periodicals 

Adler, Jerry. “At Last, Another Bright Idea.” 
Newsweek. June 15, 1992, p. 67. 

Coy, Peter. “Light Bulbs to Make America 
Really Stingy with the Juice.” Business 
Week. March 29, 1993, p. 91. 

Miller, William H. “The 20-Year Light Bulb 
Clicks On.” Industry Week. November 16, 
1992, p. 41. 

Pargh, Andy. “Light Bulbs Shed New 
Light.” Design News. June 22, 1992, p. 164. 

—Jim Acton 
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Background 

Light-emitting diodes (LEDs)—small col¬ 
ored lights available in any electronics 
store—are ubiquitous in modern society. 
They are the indicator lights on our stereos, 
automobile dashboards, and microwave 
ovens. Numeric displays on clock radios, 
digital watches, and calculators are com¬ 
posed of bars of LEDs. LEDs also find 
applications in telecommunications for short 
range optical signal transmission such as TV 
remote controls. They have even found their 
way into jewelry and clothing—witness sun 
visors with a series of blinking colored lights 
adorning the brim. The inventors of the LED 
had no idea of the revolutionary item they 
were creating. They were trying to make 
lasers, but on the way they discovered a sub¬ 
stitute for the light bulb. 

Light bulbs are really just wires attached to a 
source of energy. They emit light because 
the wire heats up and gives off some of its 
heat energy in the form of light. An LED, on 
the other hand, emits light by electronic exci¬ 
tation rather than heat generation. Diodes 
are electrical valves that allow electrical cur¬ 
rent to flow in only one direction, just as a 
one-way valve might in a water pipe. When 
the valve is “on,” electrons move from a 
region of high electronic density to a region 
of low electronic density. This movement of 
electrons is accompanied by the emission of 
light. The more electrons that get passed 
across the boundary between layers, known 
as a junction, the brighter the light. This phe¬ 
nomenon, known as electroluminescence, 
was observed as early as 1907. Before work¬ 
ing LEDs could be made, however, cleaner 
and more efficient materials had to be devel¬ 
oped. 


LEDs were developed during the post-World 
War II era; during the war there was a potent 
interest in materials for light and microwave 
detectors. A variety of semiconductor mate¬ 
rials were developed during this research 
effort, and their light interaction properties 
were investigated in some detail. During the 
1950s, it became clear that the same materi¬ 
als that were used to detect light could also 
be used to generate light. Researchers at 
AT&T Bell Laboratories were the first to 
exploit the light-generating properties of 
these new materials in the 1960s. The LED 
was a forerunner, and a fortuitous byproduct, 
of the laser development effort. The tiny col¬ 
ored lights held some interest for industry, 
because they had advantages over light bulbs 
of a similar size: LEDs use less power, have 
longer lifetimes, produce little heat, and emit 
colored light. 

The first LEDs were not as reliable or as use¬ 
ful as those sold today. Frequently, they 
could only operate at the temperature of liq¬ 
uid nitrogen (-104 degrees Fahrenheit or -77 
degrees Celsius) or below, and would bum 
out in only a few hours. They gobbled power 
because they were very inefficient, and they 
produced very little light. All of these prob¬ 
lems can be attributed to a lack of reliable 
techniques for producing the appropriate 
materials in the 1950s and 1960s, and as a 
result the devices made from them were 
poor. When materials were improved, other 
advances in the technology followed: meth¬ 
ods for connecting the devices electronically, 
enlarging the diodes, making them brighter, 
and generating more colors. 

The advantages of the LED over the light bulb 
for applications requiring a small light source 
encouraged manufacturers like Texas Instru- 


Sudden widespread 
market acceptance in the 
1970s was the result of 
the reduction in production 
costs and also of clever 
marketing, which made 
products with LED displays 
(such as watches) seem 
"high tech" and, therefore, 
desirable. 
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To make the semiconductor wafers, 
gallium, arsenic, and/or phosphor 
are first mixed together in a cham¬ 
ber and forced into a solution. To 
keep them from escaping into the 
pressurized gas in the chamber, 
they are often covered with a layer 
of liquid boron oxide. Next, a rod is 
dipped into the solution and pulled 
out slowly. The solution cools and 
crystallizes on the end of the rod as 
it is lifted out of the chamber, form¬ 
ing a long, cylindrical crystal ingot. 
The ingot is then sliced into wafers. 


merits and Hewlett Packard to pursue the com¬ 
mercial manufacture of LEDs. Sudden wide¬ 
spread market acceptance in the 1970s was the 
result of the reduction in production costs and 
also of clever marketing, which made prod¬ 
ucts with LED displays (such as watches) 
seem “high tech” and, therefore, desirable. 
Manufacturers were able to produce many 
LEDs in a row to create a variety of displays 
for use on clocks, scientific instruments, and 
computer card readers. The technology is still 
developing today as manufacturers seek ways 
to make the devices more efficiently, less 
expensively, and in more colors. 

Raw Materials 

Diodes, in general, are made of very thin lay¬ 
ers of semiconductor material; one layer will 
have an excess of electrons, while the next 
will have a deficit of electrons. This differ¬ 
ence causes electrons to move from one layer 
to another, thereby generating light. Manu¬ 
facturers can now make these layers as thin 
as .5 micron or less (1 micron = 1 ten-thou¬ 
sandth of an inch). 

Impurities within the semiconductor are used 
to create the required electron density. A 
semiconductor is a crystalline material that 
conducts electricity only when there is a high 
density of impurities in it. The slice, or 


wafer, of semiconductor is a single uniform 
crystal, and the impurities are introduced 
later during the manufacturing process. 
Think of the wafer as a cake that is mixed 
and baked in a prescribed manner, and impu¬ 
rities as nuts suspended in the cake. The par¬ 
ticular semiconductors used for LED manu¬ 
facture are gallium arsenide (GaAs), gallium 
phosphide (GaP), or gallium arsenide phos¬ 
phide (GaAsP). The different semiconductor 
materials (called substrates) and different 
impurities result in different colors of light 
from the LED. 

Impurities, the nuts in the cake, are intro¬ 
duced later in the manufacturing process; 
unlike imperfections, they are introduced 
deliberately to make the LED function cor¬ 
rectly. This process is called doping. The 
impurities commonly added are zinc or nitro¬ 
gen, but silicon, germanium, and tellurium 
have also been used. As mentioned previ¬ 
ously, they will cause the semiconductor to 
conduct electricity and will make the LED 
function as an electronic device. It is through 
the impurities that a layer with an excess or a 
deficit of electrons can be created. 

To complete the device, it is necessary to 
bring electricity to it and from it. Thus, wires 
must be attached onto the substrate. These 
wires must stick well to the semiconductor 
and be strong enough to withstand subse- 
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quent processing such as soldering and heat¬ 
ing. Gold and silver compounds are most 
commonly used for this purpose, because 
they form a chemical bond with the gallium 
at the surface of the wafer. 

LEDs are encased in transparent plastic, 
rather like the lucite paperweights that have 
objects suspended in them. The plastic can 
be any of a number of varieties, and its exact 
optical properties will determine what the 
output of the LED looks like. Some plastics 
are diffusive, which means the light will 
scatter in many directions. Some are trans¬ 
parent, and can be shaped into lenses that 
will direct the light straight out from the LED 
in a narrow beam. The plastics can be tinted, 
which will change the color of the LED by 
allowing more or less of light of a particular 
color to pass through. 


Design 

Several features of the LED need to be con¬ 
sidered in its design, since it is both an elec¬ 
tronic and an optic device. Desirable optical 
properties such as color, brightness, and effi¬ 
ciency must be optimized without an unrea¬ 
sonable electrical or physical design. These 
properties are affected by the size of the 
diode, the exact semiconductor materials 
used to make it, the thickness of the diode 
layers, and the type and amount of impurities 
used to “dope” the semiconductor. 

The Manufacturing 
Process 

Making semiconductor wafers 

1 First, a semiconductor wafer is made. The 
particular material composition—GaAs, 


One way to add the necessary 
impurities to the semiconductor 
crystal is to grow additional layers 
of crystal onto the wafer surface. In 
this process, known as "Liquid 
Phase Epitaxy," the wafer is put on 
a graphite slide and passed under¬ 
neath reservoirs of molten GaAsP. 

Contact patterns are exposed on the 
wafer's surface using photoresist, 
after which the wafers are put into a 
heated vacuum chamber. Here, 
molten metal is evaporated onto the 
contact pattern on the wafer sur¬ 
face. 
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GaP, or something in between—is deter¬ 
mined by the color of LED being fabricated. 
The crystalline semiconductor is grown in a 
high temperature, high pressure chamber. 
Gallium, arsenic, and/or phosphor are puri¬ 
fied and mixed together in the chamber. The 
heat and pressure liquify and press the com¬ 
ponents together so that they are forced into a 
solution. To keep them from escaping into 
the pressurized gas in the chamber, they are 
often covered with a layer of liquid boron 
oxide, which seals them off so that they must 
“stick together.” This is known as liquid 
encapsulation, or the Czochralski crystal 
growth method. After the elements are 
mixed in a uniform solution, a rod is dipped 
into the solution and pulled out slowly. The 
solution cools and crystallizes on the end of 
the rod as it is lifted out of the chamber, 
forming a long, cylindrical crystal ingot (or 
boule) of GaAs, GaP, or GaAsP. Think of 
this as baking the cake. 

2 The boule is then sliced into very thin 
wafers of semiconductor, approximately 
10 mils thick, or about as thick as a garbage 
bag. The wafers are polished until the sur¬ 
faces are very smooth, so that they will read¬ 
ily accept more layers of semiconductor on 
their surface. The principle is similar to 
sanding a table before painting it. Each 
wafer should be a single crystal of material 
of uniform composition. Unfortunately, 
there will sometimes be imperfections in the 
crystals that make the LED function poorly. 
Think of imperfections as unmixed bits of 
flower or sugar suspended in the cake during 
baking. Imperfections can also result from 
the polishing process; such imperfections 
also degrade device performance. The more 
imperfections, the less the wafer behaves like 
a single crystal; without a regular crystalline 
structure, the material will not function as a 
semiconductor. 

3 Next, the wafers are cleaned through a 
rigorous chemical and ultrasonic process 
using various solvents. This process 
removes dirt, dust, or organic matter that 
may have settled on the polished wafer sur¬ 
face. The cleaner the processing, the better 
the resulting LED will be. 

Adding epitaxial layers 

Additional layers of semiconductor crys¬ 
tal are grown on the surface of the wafer. 


like adding more layers to the cake. This is 
one way to add impurities, or dopants, to the 
crystal. The crystal layers are grown this 
time by a process called Liquid Phase Epi¬ 
taxy (LPE). In this technique, epitaxial lay¬ 
ers—semiconductor layers that have the 
same crystalline orientation as the substrate 
below—are deposited on a wafer while it is 
drawn under reservoirs of molten GaAsP. 
The reservoirs have appropriate dopants 
mixed through them. The wafer rests on a 
graphite slide, which is pushed through a 
channel under a container holding the molten 
liquid (or melt, as it is called). Different 
dopants can be added in sequential melts, or 
several in the same melt, creating layers of 
material with different electronic densities. 
The deposited layers will become a continua¬ 
tion of the wafer’s crystal structure. 

LPE creates an exceptionally uniform layer 
of material, which makes it a preferred 
growth and doping technique. The layers 
formed are several microns thick. 

After depositing epitaxial layers, it may 
be necessary to add additional dopants to 
alter the characteristics of the diode for color 
or efficiency. If additional doping is done, 
the wafer is again placed in a high tempera¬ 
ture furnace tube, where it is immersed in a 
gaseous atmosphere containing the 
dopants—nitrogen or zinc ammonium are 
the most common. Nitrogen is often added to 
the top layer of the diode to make the light 
more yellow or green. 

Adding metal contacts 

6 Metal contacts are then defined on the 
wafer. The contact pattern is determined 
in the design stage and depends on whether 
the diodes are to be used singly or in combi¬ 
nation. Contact patterns are reproduced in 
photoresist, a light-sensitive compound; the 
liquid resist is deposited in drops while the 
wafer spins, distributing it over the surface. 
The resist is hardened by a brief, low temper¬ 
ature baking (about 215 degrees Fahrenheit 
or 100 degrees Celsius). Next, the master 
pattern, or mask, is duplicated on the pho¬ 
toresist by placing it over the wafer and 
exposing the resist with ultraviolet light (the 
same way a photograph is made from a nega¬ 
tive). Exposed areas of the resist are washed 
away with developer, and unexposed areas 
remain, covering the semiconductor layers. 
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7 Contact metal is now evaporated onto the 
pattern, filling in the exposed areas. 
Evaporation takes place in another high tem¬ 
perature chamber, this time vacuum sealed. 
A chunk of metal is heated to temperatures 
that cause it to vaporize. It condenses and 
sticks to the exposed semiconductor wafer, 
much like steam will fog a cold window. The 
photoresist can then be washed away with 
acetone, leaving only the metal contacts 
behind. Depending on the final mounting 
scheme for the LED, an additional layer of 
metal may be evaporated on the back side of 
the wafer. Any deposited metal must 
undergo an annealing process, in which the 
wafer is heated to several hundred degrees 
and allowed to remain in a furnace (with an 
inert atmosphere of hydrogen or nitrogen 
flowing through it) for periods up to several 
hours. During this time, the metal and the 
semiconductor bond together chemically so 
the contacts don’t flake off. 

8 A single 2 inch-diameter wafer produced 
in this manner will have the same pattern 
repeated up to 6000 times on it; this gives an 
indication of the size of the finished diodes. 
The diodes are cut apart either by cleaving 
(snapping the wafer along a crystal plane) or 
by sawing with a diamond saw. Each small 
segment cut from the wafer is called a die. A 
difficult and error prone process, cutting 
results in far less than 6000 total useable 
LEDs and is one of the biggest challenges in 
limiting production costs of semiconductor 
devices. 



ing to the optical requirements of the pack¬ 
age (with a lens or connector at the end), and 
the mold is filled with liquid plastic or 
epoxy. The epoxy is cured, and the package 
is complete. 


A typical LED indicator light shows 
how small the actual LED is. 
Although the average lifetime of a 
small light bulb is 5-10 years, a 
modem LED should last 100 years 
or more before it fails. 


Mounting and packaging 

9 Individual dies are mounted on the 
appropriate package. If the diode will be 
used by itself as an indicator light or for jew¬ 
elry, for example, it is mounted on two metal 
leads about two inches long. Usually, in this 
case, the back of the wafer is coated with 
metal and forms an electrical contact with the 
lead it rests on. A tiny gold wire is soldered 
to the other lead and wire-bonded to the pat¬ 
terned contacts on the surface of the die. In 
wire bonding, the end of the wire is pressed 
down on the contact metal with a very fine 
needle. The gold is soft enough to deform 
and stick to a like metal surface. 

Finally, the entire assembly is sealed 
in plastic. The wires and die are sus¬ 
pended inside a mold that is shaped accord- 


Quality Control 

Quality in semiconductor manufacturing 
takes two forms. The first concern is with the 
final produced product, and the second with 
the manufacturing facility. Every LED is 
checked when it is wire bonded for operation 
characteristics. Specific levels of current 
should produce specific brightness. Exact 
light color is tested for each batch of wafers, 
and some LEDs will be pulled for stress test¬ 
ing, including lifetime tests, heat and power 
breakdown, and mechanical damage. 

In order to produce products consistently, the 
manufacturing line has to operate reliably 
and safely. Many of the processing steps 
above can be automated, but not all are. The 
general cleanliness of the facility and incom¬ 
ing blank wafers is monitored closely. Spe- 
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cial facilities (“clean rooms”) are built that 
keep the air pure up to one part in 10,000 for 
particular processing steps (particularly 
numbers 1-5 above). All of these checks 
arise from a desire to improve the yield, or 
the number of successful LEDs per wafer. 

The Future 

Optoelectronics is blossoming with the 
advent of better and better processing tech¬ 
niques. It is now possible to make wafers 
with a purity and uniformity unheard of 5 
years ago. This will effect how bright and 
how efficient LEDs can be made, and how 
long they will last. As they get better, they 
are appropriate for increasingly demanding 
applications, such as communications. The 
average lifetime of a small light bulb is 5-10 
years, but the average modem LED should 
last 100 years before failure. This makes 
them suitable for applications where it is dif¬ 
ficult or impossible to replace parts, such as 
undersea or outerspace electronics. Although 
LEDs are inappropriate for long-range opti¬ 
cal fiber transmission, they are often useful 
for short range optical transmission such as 
remote controls, chip to chip communication, 
or excitation of optical amplifiers. 

Other materials are being developed that will 
allow fabrication of blue and white light 
LEDs. In addition to making possible a wider 
variety of indicators and toys with more col¬ 
ors, blue light is preferable for some applica¬ 
tions such as optical storage and visual dis¬ 
plays. Blue and white light are easier on the 
eyes. Additional colors would certainly open 
up new applications. 

Finally, as process technology advances and 
it becomes possible to incorporate more 
devices on a single chip, LED displays will 
become more “intelligent.” A single 
microchip will hold all the electronics to cre¬ 


ate an alphanumeric display, and will make 
instrumentation smaller and more sophisti¬ 
cated. 

Where To Learn More 

Books 

Bergh, A. A. and P. J Dean. Light-Emitting 
Diodes. Clarendon Press, 1976. 

Gillessen, Klaus. Light-Emitting Diodes: An 
Introduction. Prentice Hall, 1987. 

Optoelectronics/Fiber-Optics Applications 
Manual. McGraw-Hill, 1981. 

Understanding Solid State Electronics. 
Radio Shack/Texas Instruments Learning 
Center, 1978. 

Williams, E. W. and R. Hall. Luminescence 
and the Light-Emitting Diode. Pergamon 
Press, 1978. 

Periodicals 

Cole, Bernard C. “Now a LED Can Take On 
the Light Bulb.” Electronics. October, 1988, 
p. 41. 

Iversen, Wesley R. “Would You Believe 
LED Brake Lights.” Electronics. September 
18, 1986. 

Marston, Ray. “Working with LED’s.” 
Radio-Electronics. January, 1992, p. 50; 
February, 1992, p. 69. 

Weisburd, Stefi. “Silicon Devices: LED 
There Be Light.” Science News. May 9, 
1987, p. 294. 

—Leslie G. Melcer 
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Lipstick 


Background 

Cosmetics can be traced back to ancient civi¬ 
lizations. In particular, the use of lip color 
was prevalent among the Sumerians, Egyp¬ 
tians, Syrians, Babylonians, Persians, and 
Greeks. Later, Elizabeth I and the ladies of 
her court colored their lips with red mercuric 
sulfide. For years, rouge was used to color 
both the lips and the cheeks, depending on 
the fashion of the times. 

In Western society during the latter half of 
the nineteenth century, it was generally 
believed only promiscuous women wore lip¬ 
stick—or makeup at all. It was not until the 
twentieth century that lipstick, and cosmetics 
in general, gained true societal acceptance. 

Improvements in the manufacture of applica¬ 
tors and metal tubes reduced the cost of the 
cosmetic. This combined with newfound 
acceptance by the general population caused 
widespread use and popularity to increase. 
By 1915 push up tubes were available, and 
the first claims of “indelibility” were made. 

Lipsticks are made to appeal to the current 
fashion trend and come in a wide range of 
colors. Lipstick is made of dyes and pig¬ 
ments in a fragranced oil-wax base. Retail 
prices for lipsticks are relatively low, with 
quality products priced at less than $4.00. 
More expensive products are available, with 
prices ranging up to nearly $50.00 for exclu¬ 
sive products. Lip balms, by contrast, gener¬ 
ally retail for less than $1.00. 

The tubes that hold lipstick range from inex¬ 
pensive plastic dispensers for lip balms to 
ornate metal for lipsticks. Sizes are not uni¬ 
form, but generally lipstick is sold in a tube 3 


inches (7.6 centimeters) in length and about 
.50 inch (1.3 centimeters) in diameter. (Lip 
balms are generally slightly smaller in both 
length and diameter.) The tube has two parts, 
a cover and a base. The base is made up of 
two components, the twisting or sliding of 
which will push the lipstick up for applica¬ 
tion. Since the manufacture of the tube 
involves completely different technologies, 
we will focus here on the manufacture of lip¬ 
stick only. 

Raw Materials 

The primary ingredients found in lipstick are 
wax, oil, alcohol, and pigment. The wax used 
usually involves some combination of three 
types—beeswax, candelilla wax, or the more 
expensive camauba. Wax enables the mixture 
to be formed into the easily recognized shape 
of the cosmetic. Oils such as mineral, caster, 
lanolin, or vegetable are added to the wax. 
Fragrance and pigment are also added, as are 
preservatives and antioxidants, which prevent 
lipstick from becoming rancid. And while 
every lipstick contains these components, a 
wide variety of other ingredients can also be 
included to make the substance smoother or 
glossy or to moisten the lips. 

Just as there is no standard to the lipstick size 
and container shape, there are no standard 
types of, or proportions for, ingredients used. 
Beyond the base ingredients (wax, oil, and 
antioxidants) supplemental material amounts 
vary greatly. The ingredients themselves 
range from complex organic compounds to 
entirely natural ingredients, the proportions 
of which determine the characteristics of the 
lipstick. Selecting lipsticks is, as with all cos¬ 
metics, an individual choice, so manufactur- 


Sizes are not uniform, but 
generally lipstick is sold in 
a tube 3 inches in length 
and about .50 inch in 
diameter. The tube has 
two parts, a cover and a 
base. The base is made up 
of two components, the 
twisting or sliding of which 
will push the lipstick up for 
application. 
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To make lipstick, the various raw 
ingredients are first melted sepa¬ 
rately, and then the oils and sol¬ 
vents are ground together with the 
desired color pigments. 


ers have responded by making a wide variety 
of lipsticks available to the consumer. 

In general, wax and oil make up about 60 
percent of the lipstick (by weight), with alco¬ 
hol and pigment accounting for another 25 
percent (by weight). Fragrance is always 
added to lipstick, but accounts for one per¬ 
cent or less of the mixture. In addition to 
using lipstick to color the lips, there are also 
lip liners and pencils. The manufacturing 
methods described here will just focus on lip¬ 
stick and lip balms. 

The Manufacturing 
Process 


mixture into the tube; and packaging the prod¬ 
uct for sale. Since the lipstick mass can be 
mixed and stored for later use, mixing does 
not have to happen at the same time as pour¬ 
ing. Once the lipstick is in the tube, packaging 
for retail sale is highly variable, depending on 
how the product is to be marketed. 

Melting and mixing 

1 First, the raw ingredients for the lipstick 
are melted and mixed—separately because 
of the different types of ingredients used. One 
mixture contains the solvents, a second con¬ 
tains the oils, and a third contains the fats and 
waxy materials. These are heated in separate 
stainless steel or ceramic containers. 


268 


The manufacturing process is easiest to under¬ 
stand if it is viewed as three separate steps: 
melting and mixing the lipstick; pouring the 


The solvent solution and liquid oils are 
then mixed with the color pigments. The 




Lipstick 



mixture passes through a roller mill, grinding 
the pigment to avoid a “grainy” feel to the 
lipstick. This process introduces air into the 
oil and pigment mixture, so mechanical 
working of the mixture is required. The mix¬ 
ture is stirred for severed hours; at this point 
some producers use vacuum equipment to 
withdraw the air. 

3 After the pigment mass is ground and 
mixed, it is added to the hot wax mass 
until a uniform color and consistency is 
obtained. The fluid lipstick can then be 
strained and molded, or it may be poured into 
pans and stored for future molding. 

If the fluid lipstick is to be used immedi¬ 
ately, the melt is maintained at tempera¬ 
ture, with agitation, so that trapped air 
escapes. If the lipstick mass is stored, before 
it is used it must be reheated, checked for 
color consistency, and adjusted to specifica¬ 
tions, then maintained at the melt tempera¬ 
ture (with agitation) until it can be poured. 

As expected, lipsticks are always prepared in 
batches because of the different color pig¬ 
ments that can be used. The size of the 
batch, and the number of tubes of lipstick 
produced at one time, will depend on the 
popularity of the particular shade being pro¬ 
duced. This will determine the manufactur¬ 


ing technique (automated or manual) that is 
used. Lipstick may be produced in highly 
automated processes, at rates of up to 2,400 
tubes an hour, or in essentially manual opera¬ 
tions, at rates around 150 tubes per hour. The 
steps in the process basically differ only in 
the volume produced. 

Molding 

Once the lipstick mass is mixed and free 
of air, it is ready to be poured into the 
tube. A variety of machine setups are used, 
depending on the equipment that the manu¬ 
facturer has, but high volume batches are 
generally run through a melter that agitates 
the lipstick mass and maintains it as a liquid. 
For smaller, manually run batches, the mass 
is maintained at the desired mix temperature, 
with agitation, in a melter controlled by an 
operator. 

6 The melted mass is dispensed into a 
mold, which consists of the bottom por¬ 
tion of the metal or plastic tube and a shaping 
portion that fits snugly with the tube. Lip¬ 
stick is poured “up-side down” so that the 
bottom of the tube is at the top of the mold. 
Any excess is scraped from the mold. 

7 The lipstick is cooled (automated molds 
are kept cold; manually produced molds 




After the pigment mass is prepared, 
it is mixed with the hot wax. The 
mixture is agitated to free it of any 
air bubbles. Next, the mixture is 
poured into tubing molds, cooled, 
and separated from the molds. 
After final touch-up and visual 
inspection, the lipstick is ready for 
packaging. 
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are transferred to a refrigeration unit) and 
separated from the mold, and the bottom of 
the tube is sealed. The lipstick then passes 
through a flaming cabinet (or is flamed by 
hand) to seal pinholes and improve the fin¬ 
ish. The lipstick is visually inspected for air 
holes, mold separation lines, or blemishes, 
and is reworked if necessary. 

8 For obvious reasons, rework of the lip¬ 
stick must be limited, demonstrating the 
importance of the early steps in removing air 
from the lipstick mass. Lipstick is reworked 
by hand with a spatula. This can be done in¬ 
line, or the tube can be removed from the 
manufacturing process and reworked. 

Labeling and packaging 

9 After the lipstick is retracted and the tube 
is capped, the lipstick is ready for labeling 
and packaging. Labels identify the batch and 
are applied as part of the automated opera¬ 
tion. While there is a great deal of emphasis 
on quality and appearance of the finished lip¬ 
stick product, less emphasis is placed on the 
appearance of lip balms. Lip balms are 
always produced in an automated process 
(except for experimental or test batches). The 
heated liquid is poured into the tube in the 
retracted position; the tube is then capped by 
machine—a far less laborious process. 

The final step in the manufacturing 
process is the packaging of the lipstick 
tube. There are a variety of packaging 
options available, ranging from bulk packs to 
individual packs, and including packaging as 
a component in a makeup kit or special pro¬ 
motional offering. Lip balms are packaged 
in bulk, generally with minimum protection 
to prevent shipping damage. Packaging for 
lipsticks varies, depending on what will hap¬ 
pen at the point of sale in the retail outlet. 
Packaging may or may not be highly auto¬ 
mated, and the package used depends on the 
end use of the product rather than on the 
manufacturing process. 

Byproducts 

There is little or no waste in the manufacture 
of lipstick. Product is reused whenever pos¬ 
sible, and since the ingredients are expensive 
they are seldom thrown out, unless no other 
alternative presents itself. In the normal 
manufacturing process there are no byprod¬ 


ucts, and waste portions of lipstick will be 
thrown out with the disposal of cleaning 
materials. 

Quality Control 

Quality control procedures are strict, since 
the product must meet Food and Drug 
Administration (FDA) standards. Lipstick is 
the only cosmetic ingested, and because of 
this strict controls on ingredients, as well as 
the manufacturing processes, are imposed. 
Lipstick is mixed and processed in a con¬ 
trolled environment so it will be free of cont¬ 
amination. Incoming material is tested to 
ensure that it meets required specifications. 
Samples of every batch produced are saved 
and stored at room temperature for the life of 
the product (and often beyond that) to main¬ 
tain a control on the batch. 

As noted above, appearance of lipstick as a 
final product is very important. For this rea¬ 
son everyone involved in the manufacture 
becomes an inspector, and non-standard 
product is either reworked or scrapped. Final 
inspection of every tube is performed by the 
consumer, and if not satisfactory, will be 
rejected at the retail level. Since the retailer 
and manufacturer are often times not the 
same, quality problems at the consumer level 
have a major impact on the manufacturer. 

Color control of lipstick is critical, and one 
only has to see the range of colors available 
from a manufacturer to be aware of this. The 
dispersion of the pigment is checked strin¬ 
gently when a new batch is manufactured, 
and the color must be carefully controlled 
when the lipstick mass is reheated. The color 
of the lipstick mass will bleed over time, and 
each time a batch is reheated, the color may 
be altered. Colorimetric equipment is used to 
provide some numerical way to control the 
shades of lipstick. This equipment gives a 
numerical reading of the shade, when mixed, 
so it can identically match previous batches. 
Matching of reheated batches is done visu¬ 
ally, so careful time and environment con¬ 
trols are placed on lipstick mass when it is 
not immediately used. 

There are two special tests for lipstick: the 
Heat Test and the Rupture Test. In the Heat 
Test, the lipstick is placed in the extended 
position in a holder and left in a constant 
temperature oven of over 130 degrees 
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Fahrenheit (54 degrees Celsius) for 24 hours. 
There should be no drooping or distortion of 
the lipstick. In the Rupture Test, the lipstick 
is placed in two holders, in the extended 
position. Weight is added to the holder on the 
lipstick portion at 30-second intervals until 
the lipstick ruptures. The pressure required to 
rupture the lipstick is then checked against 
the manufacturer’s standards. Since there are 
no industry standards for these tests, each 
manufacturer sets its own parameters. 

The Future 

Lipstick is the least expensive and most pop¬ 
ular cosmetic in the world today. In 1986 
lipstick sales in the United States were more 
than $720,000,000. There are no accurate 
figures for current sales of lip balm, since the 
market is expanding. Manufacturers continue 
to introduce new types and shades of lipstick, 
and there is a tremendous variety of product 


available at moderate cost. As long as cos¬ 
metics remain in fashion (and there is no 
indication that they will not) the market for 
lipstick will continue to be strong, adding 
markets in other countries as well as diversi¬ 
fying currently identified markets. 

Where To Learn More 

Books 

Brumber, Elaine. Save Your Money, Save 
Your Face. Facts on File Publications, 1986. 

Donsky, Howard. Beauty Is Skin Deep. 
Rodale Press, 1985. 

Schoen, Linda Allen, ed. The AMA Book of 
Skin and Hair Care. J.B. Lippincott Com¬ 
pany, 1976. 


-Peter S. Lucking 



Liquid Crystal Display (LCD) 


The basis of LCD 
technology is the liquid 
crystal, a substance made 
of complicated molecules. 
Like water, liquid crystals 
are solid at low 
temperatures, and they 
melt as you heat them. But 
when liquid crystals melt, 
they change not into a 
clear liquid but into a 
cloudy one. At slightly 
higher temperatures, the 
cloudiness disappears, 
and they look much like 
any other liquid. 


Background 

Liquid crystal displays (LCDs) consist of liq¬ 
uid crystals that are activated by electric cur¬ 
rent. They are used most frequently to dis¬ 
play one or more lines of alpha-numeric 
information in a variety of devices: fax 
machines, laptop computer screens, answer¬ 
ing machine call counters, scientific instru¬ 
ments, portable compact disc players, 
clocks, and so forth. The most expensive and 
advanced type—active matrix displays—are 
even being used as screens for handheld 
color TVs. Eventually, they may be widely 
used for large screen, high-definition TVs. 

The basis of LCD technology is the liquid 
crystal, a substance made of complicated 
molecules. Like water, liquid crystals are 
solid at low temperatures. Also like water, 
they melt as you heat them. But when ice 
melts, it changes into a clear, easily flowing 
liquid. Liquid crystals, however, change into 
a cloudy liquid very different from liquids 
like water, alcohol, or cooking oil. At 
slightly higher temperatures, the cloudiness 
disappears, and they look much like any 
other liquid. 

When the liquid crystal is a solid, its mole¬ 
cules are lined up parallel to one another. In 
the intermediate cloudy phase (liquid), the 
molecules still retain this more or less paral¬ 
lel orientation. As in any liquid, the mole¬ 
cules are free to move around, but they tend 
to “line up” in one direction, reflecting light 
and causing a cloudy appearance. Higher 
temperatures tend to agitate the molecules 
and thus make the liquid clear. 

In an LCD, an electric current is used to 
switch segments of liquid crystals from a 
transparent phase to a cloudy phase, each 


segment forming part of a number or letter. 
The segments can also be in the shape of tiny 
dots or pixels, and the can be arranged in 
rows and columns. They are turned on and 
off individually to either block or allow 
polarized light to pass through. When the 
light is blocked, a dark spot is created on the 
reflecting screen. 

There are two general types of LCDs: pas¬ 
sive matrix, and the newer active matrix 
(AMLCDs). Brighter and easier to read, 
active matrix displays use transistors behind 
each pixel to boost the image. The manufac¬ 
turing process for AMLCDs, however, is 
much trickier than that for passive matrix 
LCDs. As many as 50 percent of those made 
must now be thrown out because of imper¬ 
fections. One imperfection is enough to ruin 
an AMLCD. This makes them very expen¬ 
sive to manufacture. 

Raw Materials 

A working LCD consists of several compo¬ 
nents: display glass, drive electronics, con¬ 
trol electronics, mechanical package, and 
power supply. The display glass —between 
which the liquid crystals lie—is coated with 
row and column electrodes and has contact 
pads to connect drive electronics (electric 
current) to each row and column electrode. 
The drive electronics are integrated circuits 
that supply current to “drive” the row and 
column electrodes. The control electronics 
are also integrated circuits. They decode and 
interpret the incoming signals—from a lap¬ 
top computer, for example—and send them 
to the drive electronics. The mechanical 
package is the frame that mounts the printed 
circuit boards for the drive and control elec¬ 
tronics to the display glass. This package 
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Indium tin oxide 



BACK 


also strengthens and protects the display 
glass and anchors the entire display to the 
device using the LCD, whether it is a laptop 
computer, a fax machine, or another device. 
Finally, the power supply is an electronic cir¬ 
cuit that supplies current to the LCD. Equip¬ 
ment makers who use LCDs often purchase 
the power supplies separately. 

In all LCDs, the liquid crystal is sandwiched 
between two pieces of glass or transparent 
plastic called substrates. Just any glass will 
not do. If the glass has many sodium or other 
alkali ions, they can move to the glass sur¬ 
face, combine with any moisture that is there, 
and alter the electric field pattern and liquid 
crystal alignment. To eliminate that, LCD 
makers either use borosilicate glass, which 
has few ions, or they apply a layer of silicon 
dioxide to the glass. The silicon dioxide pre¬ 
vents the ions from touching any moisture. 
An even simpler solution is to use plastic 
instead of glass. Using plastic also makes the 
display lighter. However, inexpensive plas¬ 
tics scatter light more than glass, and they 
may react chemically with liquid crystal sub¬ 
stances. 

Most LCDs today also use a source of light 
coming from the rear of the display (back¬ 
light), such as a fluorescent light, to make the 
liquid crystal appear darker against the 


screen when in its cloudy phase. LCD mak¬ 
ers also use sheets of polarizer material to 
enhance this effect. 


The Manufacturing 
Process 

Making passive matrix LCDs is a multi-step 
process. The surface and rear glass of the dis¬ 
play is first polished, washed, and coated 
with silicon dioxide (SiCL). Next, a layer of 
indium tin oxide is evaporated onto the glass 
and etched into the desired pattern. A layer of 
long chain polymer is then applied to allow 
the liquid crystals to align properly, followed 
by a sealing resin. The spacers next are put 
into place, and the glass sandwich is filled 
with the liquid crystal material. 


Preparing the glass substrates 

1 First, the two glass substrates must be cut 
to the proper size, polished, and washed. 
Cutting can be done with a diamond saw or 
scribe, while polishing involves a process 
called lapping, in which the glass is held 
against a rotating wheel that has abrasive 
particles embedded in it. After being washed 
and dried, the substrates are coated with a 
layer of silicon dioxide. 


In all LCDs, the liquid crystal is 
sandwiched between 2 pieces of 
glass or transparent plastic called 
substrates. If glass is used, it is often 
coated with silicon dioxide to 
improve liquid crystal alignment. 
Transparent electrode patterns are 
then made by applying a layer of 
indium tin oxide to the glass and 
using a photolithography or silk¬ 
screening process to produce the 
pattern. 
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Making the electrode pattern 

2 Next, the transparent electrode pattern 
must be made on the substrates. This is 
done by completely coating both front and 
rear glass surfaces with a very thin layer of 
indium tin oxide. Manufacturers then make a 
mask of the desired pattern, using either a 
silk-screening or photolithography process. 
They apply the finished mask to the fully 
coated glass, and areas of indium tin oxide 
that are not needed are etched away chemi¬ 
cally. 

3 Alternatively, finer definition can be 
achieved by using glass that has a layer 
of etching-resistant, light-sensitive material 
(called photoresist) above the indium tin 
oxide film. A mask with the desired pattern is 
placed over the glass, and the glass is bom¬ 
barded with ultraviolet light. This light 
causes the resistive layer it shines on to lose 
its resistance to etching, allowing the chemi¬ 
cals to eat away both the exposed photoresist 
and the indium tin oxide below it, thus form¬ 
ing the pattern. The unnecessary photoresist 
that remains can then be removed with other 
chemicals. A second variety of resistive film 
resists etching only after it is exposed to 
ultraviolet light; in this case, a negative mask 
of the pattern must be used. Regardless of 
which method is used, the patterns on the 
two substrates are designed to overlap only 
in specific places, a design that ensures that 
the thin strips of indium tin oxide conveying 
voltage to each element have no electrode 
positioned directly opposite that might show 
up while the cell is working. 

Applying the polymer 

After the electrode pattern is in place, the 
substrates must be coated with a poly¬ 
mer. The polymer allows the liquid crystals 
to align properly with the glass surface. 
Polyvinyl alcohol, polyamides, and some 
silanes can be used. Polyamides are the most 
popular agents, because polyvinyl alcohol is 
subject to moisture problems, and silanes 
produce a thin, unreliable coating. 

After coating the glass, manufacturers 
then stroke the polymer coat in a single 
direction with soft material. This can result 
in small parallel grooves being etched into 
the polymer, or it may simply stretch the 
polymer coat. In any case, this process forces 


the liquid crystals to lie parallel to the direc¬ 
tion of the stroke. The crystals may be 
aligned another way, by evaporating silicon 
oxide onto the glass surface at an oblique 
angle. This procedure is used to make most 
digital watch displays but is not convenient 
for making large-scale displays. It also does 
not yield the low-tilt angle possible with the 
previous method. 

6 If LCD makers want to align liquid crys¬ 
tals perpendicular to the glass surface, 
another technique is used: coating the glass 
with an amphophilic material. This is mater¬ 
ial whose molecules display affinity for 
water at one end of the molecule and repul¬ 
sion from water at the other end. One end— 
the affinity end—adheres to the glass sur¬ 
face while the other end—the repulsing 
end—points into the liquid crystal area, 
repelling the liquid crystals and forming 
them into an alignment that is perpendicular 
to the glass surface. 

Applying the sealant and injecting 
the liquid crystal 

7 A sealing resin is next applied to the sub¬ 
strates, followed by plastic spacers that 
will give the liquid crystal cell the proper 
thickness. Next, the liquid crystal material is 
injected into the appropriate area between the 
two glass substrates. The thickness of the 
LCD cell is usually restricted to 5-25 
micrometers. Because proper thickness is 
crucial for cell operation and because spacers 
don’t always achieve uniform thickness, LCD 
makers sometimes put appropriately sized 
glass fibers or beads in the liquid crystal 
material. The beads or fibers cannot be seen 
by the naked eye. They help hold the cell at 
the proper thickness while the sealant mater¬ 
ial is setting. 

8 To make LCDs more visible, polarizers 
are added. These are usually made from 
stretched polyvinyl alcohol films that have 
iodine in them and that are sandwiched 
between cellulose acetate layers. Colored 
polarizers, made using dye instead of iodine, 
are also available. Manufacturers glue the 
polarizer to the glass using an acrylic adhe¬ 
sive and cover it with a plastic protective 
film. They can make reflective polarizers, 
which also are used in LCDs, by incorporat¬ 
ing a simple metal foil reflector. 
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ETCHING 

Indium tin oxide 



Final assembly 

9 After the polarizer film is attached, the 
unit is allowed to age. Finally, the fin¬ 
ished glass display assembly is mounted to the 
circuit boards containing the control and drive 
electronics. Then, the entire package is ready 
to be mounted to the device using the LCD— 
laptop computer, fax machine, clock, etc. 

Active Matrix LCD Manu¬ 
facture 

The process used to make an active matrix 
LCD (AMLCD) is quite similar to that used 
for passive matrix LCDs, although it is more 
complex and more difficult. Generally, the 
steps of SiCh coating, indium tin oxide appli¬ 
cation, and the photoresist etching are 
replaced by a host of other steps. 


In the case of AMLCDs, each LCD compo¬ 
nent has to be changed to work properly with 
the thin film transistor and electronics used 
to boost and clarify the LCD image. Like 
their passive matrix brethren, active matrix 
displays are sandwiches consisting of several 
layers: a polarizing film; a sodium barrier 
film (SiCh), a glass substrate incorporating a 
black matrix, and a second sodium barrier 
film; a color filter and a color filter overcoat 
made of acrylic/urethane; a transparent elec¬ 
trode; an orientation film made of 
polyamide; and the actual liquid crystal 
material incorporating plastic/glass spacers 
to maintain proper LCD cell thickness. 

Quality Control 

LCDs—especially those for laptop computer 
displays—are made under highly controlled 


In a typical LCD watch assembly, 
the shaded areas are etched away 
chemically to form the electrode 
pattern. The segments are turned on 
and off individually to either block 
or allow polarized light to pass 
through. When electric current is 
applied to a segment, the light is 
blocked and a dark spot is created 
on the reflecting screen. 
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conditions in a clean room environment to 
maximize yield. “Clean rooms” have special 
air filtering devices designed to keep all dust 
particles out of the room, and workers inside 
the room must wear special clothing. 
Nonetheless, many LCDs have to be dis¬ 
carded because of imperfections. This is par¬ 
ticularly true of AMLCDs, which currently 
have a rejection rate of approximately 50 
percent. To minimize the rejection rate, each 
active device is inspected and as many are 
repaired as possible. In addition, active 
matrix assemblies are inspected immediately 
after the photoresist etching step and again 
after the liquid crystal material is injected. 

The Future 

The future is clearly with active matrix LCDs, 
even though the current rejection rate is very 
high and the manufacturing process is so 
expensive. Gradual improvements are 
expected in the manufacturing process of 
AMLCDs, and in fact companies are already 
beginning to offer inspection and repair equip¬ 
ment that may cut the current rejection rate 
from 50 percent down to around 35 percent. 

But the real boost to LCD manufacturing 
technology may come from all the money 
that companies are pouring into the research 
and development process on large screen, 
AMLCD displays for the long-awaited high- 
definition television technology. 
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Doane, J. W., ed. Liquid Crystal Displays 
and Applications. SPIE-Intemational Society 
for Optical Engineering, 1990. 
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Lubricating Oil 


Background 

Since the Roman era, many liquids, includ¬ 
ing water, have been used as lubricants to 
minimize the friction, heat, and wear 
between mechanical parts in contact with 
each other. Today, lubricating oil, or lube 
oil, is the most commonly used lubricant 
because of its wide range of possible applica¬ 
tions. The two basic categories of lube oil are 
mineral and synthetic. Mineral oils are 
refined from naturally occurring petroleum, 
or crude oil. Synthetic oils are manufactured 
polyalphaolefins, which are hydrocarbon- 
based polyglycols or ester oils. 

Although there are many types of lube oils to 
choose from, mineral oils are the most com¬ 
monly used because the supply of crude oil 
has rendered them inexpensive; moreover, a 
large body of data on their properties and use 
already exists. Another advantage of mineral- 
based lube oils is that they can be produced in 
a wide range of viscosities—viscosity refers 
to the substance’s resistance to flow—for 
diverse applications. They range from low- 
viscosity oils, which consist of hydrogen-car¬ 
bon chains with molecular weights of around 
200 atomic mass units (amu), to highly vis¬ 
cous lubricants with molecular weights as 
high as 1000 amu. Mineral-based oils with 
different viscosities can even be blended 
together to improve their performance in a 
given application. The common 10W-30 
motor oil, for example, is a blend of low vis¬ 
cous oil (for easy starting at low temperatures) 
and highly viscous oil (for better motor pro¬ 
tection at normal running temperatures). 

First used in the aerospace industry, syn¬ 
thetic lubricants are usually formulated for a 
specific application to which mineral oils are 


ill-suited. For example, synthetics are used 
where extremely high operating tempera¬ 
tures are encountered or where the lube oil 
must be fire resistant. This article will focus 
on mineral-based lube oil. 

Raw Materials 

Lube oils are just one of many fractions, or 
components, that can be derived from raw 
petroleum, which emerges from an oil well 
as a yellow-to-black, flammable, liquid mix¬ 
ture of thousands of hydrocarbons (organic 
compounds containing only carbon and 
hydrogen atoms, these occur in all fossil 
fuels). Petroleum deposits were formed by 
the decomposition of tiny plants and animals 
that lived about 400 million years ago. Due 
to climatic and geographical changes occur¬ 
ring at that time in the Earth’s history, the 
breakdown of these organisms varied from 
region to region. 

Because of the different rates at which 
organic material decomposed in various 
places, the nature and percentage of the 
resulting hydrocarbons vary widely. Conse¬ 
quently, so do the physical and chemical 
characteristics of the crude oils extracted 
from different sites. For example, while Cal¬ 
ifornia crude has a specific gravity of 0.92 
grams/milliliter, the lighter Pennsylvania 
crude has a specific gravity of 0.81 
grams/milliliter. (Specific gravity, which 
refers to the ratio of a substance’s weight to 
that of an equal volume of water, is an impor¬ 
tant aspect of crude oil.) Overall, the specific 
gravity of crudes ranges between 0.80 and 
0.97 grams/milliliter. 

Depending on the application, chemicals 
called additives may be mixed with the 


Lube oils are just one of 
many fractions, or 
components, that can be 
derived from raw 
petroleum, which emerges 
from an oil well as a 
yellow-to-black, 
flammable, liquid mixture 
of thousands of 
hydrocarbons (organic 
compounds containing 
only carbon and hydrogen 
atoms, these occur in all 
fossil fuels). 
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Lubricating oil is refined from crude 
oil. After undergoing a purifying 
process called sedimentation, the 
crude oil is heated in huge fraction¬ 
ating towers. The various vapors— 
which can be used to make fuel, 
waxes, or propane, among other 
substances—boil off and are col¬ 
lected at different points in the 
tower. The lube oil that is collected 
is filtered, and then additives are 
mixed in. 


refined oil to give it desired physical proper¬ 
ties. Common additives include metals such 
as lead or metal sulphide, which enhance 
lube oil’s ability to prevent galling and scor¬ 
ing when metal surfaces come in contact 
under extremely high pressures. High-molec¬ 
ular weight polymeries are another common 
additive: they improve viscosity, counteract¬ 
ing the tendency of oils to thin at high tem¬ 
peratures. Nitrosomines are employed as 
antioxidants and corrosion inhibitors because 
they neutralize acids and form protective 
films on metal surfaces. 


The Manufacturing 
Process 

Lube oil is extracted from crude oil, which 
undergoes a preliminary purification process 


(sedimentation) before it is pumped into frac¬ 
tionating towers. A typical high-efficiency 
fractionating tower, 25 to 35 feet (7.6 to 10.6 
meters) in diameter and up to 400 feet (122 
meters) tall, is constructed of high grade 
steels to resist the corrosive compounds pre¬ 
sent in crude oils; inside, it is fitted with an 
ascending series of condensate collecting 
trays. Within a tower, the thousands of 
hydrocarbons in crude oil are separated from 
each other by a process called fractional dis¬ 
tillation. As the vapors rise up through the 
tower, the various fractions cool, condense, 
and return to liquid form at different rates 
determined by their respective boiling points 
(the lower the boiling point of the fraction, 
the higher it rises before condensing). Nat¬ 
ural gas reaches its boiling point first, fol¬ 
lowed by gasoline, kerosene, fuel oil, lubri¬ 
cants, and tars. 
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Sedimentation 

I The crude oil is transported from the oil 
well to the refinery by pipeline or tanker 
ship. At the refinery, the oil undergoes sedi¬ 
mentation to remove any water and solid 
contaminants, such as sand and rock, that 
may be suspended in it. During this process, 
the crude is pumped into large holding tanks, 
where the water and oil are allowed to sepa¬ 
rate and the contaminants settle out of the oil. 

Fractionating 

2 Next, the crude oil is heated to about 700 
degrees Fahrenheit (371 degrees Cel¬ 
sius). At this temperature it breaks down into 
a mixture of hot vapor and liquid that is then 
pumped into the bottom of the first of two 
fractionating towers. Here, the hot hydrocar¬ 
bon vapors float upward. As they cool, they 
condense and are collected in different trays 
installed at different levels in the tower. In 
this tower, normal atmospheric pressure is 
maintained continuously, and about 80 per¬ 
cent of the crude oil vaporizes. 

3 The remaining 20 percent of the oil is 
then reheated and pumped into a second 
tower, wherein vacuum pressure lowers the 
residual oil’s boiling point so that it can be 
made to vaporize at a lower temperature. The 
heavier compounds with higher boiling 
points, such as tar and the inorganic com¬ 
pounds, remain behind for further processing. 

Filtering and solvent extraction 

4 After further processing to remove 
unwanted compounds, the lube oil that 
has been collected in the two fractionating 
towers is passed through several ultrafine fil¬ 
ters, which remove remaining impurities. 
Aromatics, one such contaminant, contain 
six-carbon rings that would affect the lube 
oil’s viscosity if they weren’t removed in a 
process called solvent extraction. Solvent 
extraction is possible because aromatics are 
more soluble in the solvent than the lube oil 
fraction is. When the lube oil is treated with 
the solvent, the aromatics dissolve; later, 
after the solvent has been removed, the aro¬ 
matics can be recovered from it. 

Additives, inspection, and packaging 

Finally, the oil is mixed with additives to 
give it the desired physical properties 


(such as the ability to withstand low tempera¬ 
tures). At this point, the lube oil is subjected 
to a variety of quality control tests that assess 
its viscosity, specific gravity, color, flash, and 
fire points. Oil that meets quality standards is 
then packaged for sale and distribution. 


Quality Control 

Most applications of lube oils require that 
they be nonresinous, pale-colored, odorless, 
and oxidation-resistant. Over a dozen physi¬ 
cal and chemical tests are used to classify 
and determine the grade of lubricating oils. 
Common physical tests include measure¬ 
ments for viscosity, specific gravity, and 
color, while typical chemical tests include 
those for flash and fire points. 

Of all the properties, viscosity, a lube oil’s 
resistance to flow at specific temperatures 
and pressures, is probably the single most 
important one. The application and operating 
temperature range are key factors in deter¬ 
mining the proper viscosity for an oil. For 
example, if the oil is too viscous, it offers too 
much resistance to the metal parts moving 
against each other. On the other hand, if it not 
viscous enough, it will be squeezed out from 
between the mating surfaces and will not be 
able to lubricate them sufficiently. The Say- 
bolt Standard Universal Viscometer is the 
standard instrument for determining viscosity 
of petroleum lubricants between 70 and 210 
degrees Fahrenheit (21 and 99 degrees Cel¬ 
sius). Viscosity is measured in the Saybolt 
Universal second, which is the time in sec¬ 
onds required for 50 milliliters of oil to empty 
out of a Saybolt viscometer cup through a cal¬ 
ibrated tube orifice at a given temperature. 

The specific gravity of an oil depends on the 
refining method and the types of additives 
present, such as lead, which gives the lube oil 
the ability to resist extreme mating surface 
pressure and cold temperatures. The lube 
oil’s color indicates the uniformity of a par¬ 
ticular grade or brand. The oil’s flash and fire 
points vary with the crude oil’s origin. The 
flash point is the temperature to which an oil 
has to be heated until sufficient flammable 
vapor is driven off so that it will flash when 
brought into contact with a flame. The fire 
point is the higher temperature at which the 
oil vapor will continue to bum when ignited. 
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Common engine oils are classified by viscos¬ 
ity and performance according to specifica¬ 
tions established by the Society of Automo¬ 
tive Engineers (SAE). Performance factors 
include wear prevention, oil sludge deposit 
formation, and oil thickening. 

The Future 

The future of mineral-based lubricating oil is 
limited, because the natural supplies of 
petroleum are both finite and non-renewable. 
Experts estimate the total recoverable light to 
medium petroleum reserves at 1.6 trillion 
barrels, of which a third has been used. Thus, 
synthetic-based oils will probably be increas¬ 
ingly important as natural reserves dwindle. 
This is true not only for lubricating oil but 
also for the other products that result from 
petroleum refining. 

Where To Learn More 
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1992. 
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for Testing & Materials, 1991. 


Seal, Shirley C., ed. Fluids, Lubricants & 
Sealing Devices. National Fluid Power Asso¬ 
ciation, 1989. 
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cants: The Truth.” Manufacturing Engineer¬ 
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Blending.” Design News. February 26, 1990, 
p. 39. 

O’Lenick, Anthony and Raymond E. Bilbo. 
“Saturated Liquid Lubricant Withstands Alu¬ 
minum Forming.” Research <£ Development. 
February, 1989, p. 162. 
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News. April 30, 1988, p. 283. 
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Vogel, Todd, John Rossant, and Sarah 
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Mattress 


Background 

From the available evidence, it seems fairly 
certain that the concept of the mattress origi¬ 
nated during prehistoric times. By lying on 
piles of leaves, straw, and animal skins, early 
humans were able to sleep more comfortably 
and more soundly than they could have on 
hard surfaces. As greater numbers of people 
left a nomadic, hunting existence for a set¬ 
tled, agrarian lifestyle, primitive furnishings, 
including the bed, began to develop. 

To a large extent the development of the mat¬ 
tress is closely linked with that of the bed. In 
many ancient societies, the bed was consid¬ 
ered the most important piece of furniture in 
the household; often, it provided a central 
gathering place for dining and relaxing as 
well as sleeping. Over the centuries, bed 
frames became more elaborate for those who 
could afford luxury; however, mattresses 
themselves remained unsophisticated—and 
uncomfortable. Until the twentieth century, 
they generally consisted of lumpy pads filled 
with horse hair, cotton, or rags. Poorer peo¬ 
ple relied on ticks —fabric sacks stuffed with 
straw, com cobs, or other crop debris. In 
addition to offering an inconsistent texture, 
such primitive mattresses were difficult to 
clean—and they generally started out dirty, 
stuffed as they were with agricultural debris 
that often entered the pad or ticking with soil 
and insects. However, they offered one con¬ 
crete advantage: made at home from cast-off 
farm goods, they were cheap. Even late in 
the nineteenth century when small local man¬ 
ufacturers began to produce mattresses com¬ 
mercially, the items remained inexpensive 
because early mattress makers continued to 
rely on extremely inexpensive stuffing (usu¬ 


ally, unusable fabric remnants discarded by 
second-hand tailors). 

Mattresses with stabilizing interior springs, 
probably the single most significant advance 
in mattress design, were first developed dur¬ 
ing the mid-1800s. By placing a set of uni¬ 
form springs inside layers of upholstery, 
mattress manufacturers could imbue their 
product with a firm, resilient, and uniform 
texture. However, because so-called inner- 
spring mattresses were expensive to manu¬ 
facture, only luxury ships and hotels that 
could pass the cost along to their affluent 
patrons purchased them initially. It was not 
until after World War I that innerspring mat¬ 
tresses were mass-produced by Zalmon Sim¬ 
mons, Jr., the president of a company that 
had theretofore produced bedsteads. Despite 
the fact that Simmons asked 40 dollars— 
more than twice the cost of the finest horse 
hair mattress available at that time—for his 
innerspring mattress in 1926, his products 
proved so comfortable that millions of Amer¬ 
icans purchased them. 

To render potential customers more willing 
to spend what must have struck many as a 
small fortune on his innerspring mattress, 
Simmons promoted the advantages of a good 
night’s sleep. The effectiveness of this mar¬ 
keting strategy has only increased over the 
years, as subsequent research has confirmed 
that abundant, high-quality sleep constitutes 
a fundamental component of good health. 
Today’s sophisticated mattresses improve 
sleeping comfort in several ways. First, 
through a variety of enhanced innerspring 
designs, modern mattresses distribute the 
weight of the body over a broad area; this 
also helps to prevent differential wear on the 
mattress. In addition, mattresses offer sur- 


Until the twentieth century, 
mattresses generally 
consisted of lumpy pads 
filled with horse hair, 
cotton, or rags. Poorer 
people relied on ticks — 
fabric sacks stuffed with 
straw, corn cobs, or other 
crop debris. 
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faces of appropriate softness and flexibility 
to help keep the spine in its naturally curved 
position. However, contemporary mattress 
manufacturers carefully avoid excessively 
soft surfaces that would distort the position 
of the sleeper’s spine, resulting in discomfort 
or even pain. 

Presently, the consumer demand for mat¬ 
tresses is fairly consistent. In 1990, approxi¬ 
mately 16 million mattresses were sold in the 
United States. Together with foundations, 
mattresses accounted for about $4 billion in 
retail sales. With the exception of a few large 
companies, most mattress manufacturers are 
fairly small, community-based operations. 
Of the approximately 825 mattress factories 
across the United States, most are still owned 
and operated by the founding families. 

Design 

Today, most mattresses are manufactured 
according to standard sizes. This standard¬ 
ization was initiated by the industry to 
resolve any dimensional discrepancies that 
might occur between companies that manu¬ 
facture beds and companies that make mat¬ 
tresses. The sizes include the twin bed, 39 
inches wide and 74 inches long; the double 
bed, 54 inches wide and 74 inches long; the 
queen bed, 60 inches wide and 80 inches 
long; and the king bed, 78 inches wide and 
80 inches long. 

The “core” of a typical mattress is the inner- 
spring unit, a series of wire coils that are 
attached to one another with additional wire. 
The upholstery layers are affixed to the 
innerspring: the first, called the insulator, is 
fitted directly onto the innerspring and pre¬ 
vents the next layer, the cushioning, from 
molding to the coils. While the insulator is 
fairly standard, the number of cushioning 
layers can vary widely in number, ranging 
from two to eight layers and from 1/4 inch to 
2 inches (.63 to 5 centimeters) in thick¬ 
ness.Moving outward, the next component is 
the flanges, connecting panels that are 
attached to the mattress’s quilted cover with 
large, round staples called hogs rings. The 
top, bottom, and side panels of the mattress 
are stitched together with border tape. 

While a wide variety of springs are designed 
to accommodate special needs and situations, 


the four most commonly used coils are the 
Bonnell, the Offset, the Continuous, and the 
Pocket System. The Bonnell springs are 
hourglass-shaped and knotted at both ends. 
The Offset design is similarly hourglass¬ 
shaped, but its top and bottom are flattened 
to facilitate a hinging action between the 
coils. The Continuous innerspring consists 
of one extremely long strand of steel wire 
configured into S-shaped units. Finally, in 
the Pocket System, each coil is encased in a 
fabric casing that also connects it to neigh¬ 
boring coil-casing units. 

A typical mattress contains between 250 and 
1,000 coil springs, and mattresses that use 
fewer coils normally require a heavier gauge 
of wire. It is not uncommon for an innerspring 
unit to require as much as 2,000 linear feet 
(610 meters) of steel wire. The individual 
coils can be joined in several ways. One com¬ 
mon method is to use helicals—corkscrew¬ 
shaped wires that run along the top and bot¬ 
tom of the springs, lacing the coils together. 
Rigid border wires are sometimes attached 
around the perimeters to stabilize the unit. 

Most manufacturers also produce foundation 
mattresses or boxsprings that lie directly 
beneath the mattress, resting on the frame of 
the bed. One of the most common types of 
box spring foundations uses a spiked coil 
configuration, in which the springs are nar¬ 
row at the bottom but spiral to a wider diam¬ 
eter at the top. While a spring system pro¬ 
vides the most common type of boxspring 
support, torsion bars are also sometimes 
used. Other foundation mattresses contain 
no springs at all but consist of a built-up 
wooden frame. 

Raw Materials 

Mattresses are presently made of many mate¬ 
rials, both natural and synthetic. The inner- 
spring, helical, and boxspring components 
are made from wire; the boxspring wire is 
usually of a heavier gauge than that used in 
the innerspring. The insulator consists of 
semi-rigid netting or wire mesh, and the 
cushioning layers can comprise a number of 
different materials including natural fiber, 
polyurethane foam, and polyester. The 
flanges are made of fabric, and the hogs rings 
of metal. Top, bottom, and side panels con¬ 
sist of a durable fabric cover quilted over a 
backing of foam or fiber, and the binding 
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Cover for mattress is 
quilted automatically. 


tape that holds the ticking together is made of 
heavy-duty, fibrous, synthetic material. The 
underlying boxspring may consist of either a 
wooden frame with slats or of metal coils 
similar to those used in the mattress itself. 
The boxspring may be upholstered, but, even 
if it is not, it always receives a fabric cover¬ 
ing. 

The Manufacturing 
Process 


panels before these are applied to the mat¬ 
tress. 

Attaching the flanges 

Specially modified sewing machines are 
used to attach the flanges to the top and 
bottom panels, and the hogs rings are stapled 
to the flanges. Everything is now ready for 
the closing operation, during which the hogs 
rings will be secured to the innerspring unit. 



Once the completed innerspring 
unit is received, workers manually 
apply the insulator. Next, they 
apply the cushioning layers that will 
determine the feel and comfort of 
the final product. Meanwhile, the 
decorative cover that will serve as 
the exterior for the top, bottom, and 
sides is made on a giant quilting 
machine, which controls a multitude 
of needles that stitch the cover to a 
layer of backing material. 


Building mattress layers 

I Most mattress manufacturers subcontract 
the production of the innerspring unit to 
an outside firm that specializes in making 
springs. Once the completed spring unit is 
received and inspected, the workers manu¬ 
ally apply the insulator. Next, they apply the 
cushioning layers that will determine the feel 
and comfort of the final product. 

2 While the mattress is being “built up” in 
one part of the plant, the decorative cover 
that will serve as the exterior for the top, bot¬ 
tom and sides is being made in another part. 
Usually this cover is made on a giant quilting 
machine, which controls a multitude of nee¬ 
dles that stitch the cover to a layer of backing 
material. The stitching chosen serves both 
useful and ornamental purposes, as it must 
prevent the mattress cover from slipping or 
creeping over the layers of cushioning in 
addition to creating a visually pleasing exte¬ 
rior. 

3 Once the fabric is quilted, it is cut into 
panels that will fit the top and bottom of 
the mattress. The side panels are often cut 
from this same composite or made separately 
on a border machine. If side handles or vents 
are to be added, they are attached to the side 


Completing the mattress 

The closing operation is of one of the 
most highly skilled and critical proce¬ 
dures in the entire process. It is done with a 
movable sewing head that is mounted on a 
track. Tape edge operators manually feed the 
top, bottom, and side panels and a heavy duty 
binding tape into the sewing machine as it 
moves around the mattress. As this combina¬ 
tion of materials is fed into the machine, the 
operators uses their skill to feed the proper 
amount of each material into the machine to 
produce a professionally tailored product. 

6 Some of the highest quality mattresses 
may also feature a pillowtop, a panel 
filled with soft upholstery and attached to the 
top and bottom panels of the mattress for a 
more luxurious feel and appearance. Pre¬ 
quilted, the pillowtop is then taped to the 
mattress. 

Boxsprings 

7 If the desired boxspring has a spiked coil 
design, it is made by stapling the bottom 
of each coil to a flat wooden frame. A wire 
grid is then placed on top of the springs and, 
once aligned, manually locked to them. A 
thin layer of upholstery is applied to the top. 
If the desired boxspring contains no springs. 
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Once the cover is quilted, it is cut into 
top, bottom, and side panels. Next, 
flanges are added, and hogs rings 
are stapled to them. Finally, in the 
closing operation, workers use a 
movable sewing head mounted on a 
track to feed the top, bottom, and 
side panels and a heavy duty bind¬ 
ing tape into the sewing machine as 
it moves around the mattress. The 
mattress is then ready for packaging. 


it consists of a wooden frame that may or 
may not have a layer of upholstery attached 
to its top. Regardless of the internal compo¬ 
sition, the frame is usually inserted into a 
pre-sewn cover that encases the top and sides 
of the unit. A border fabric that matches the 
mattress exterior is applied to the sides, and a 
dust cover is added to the face. 

Inspection, labeling, and packing 

8 Once the units are complete, they are 
inspected for quality. If every thing is in 
order, they are labeled with the content and 
the contingent “do not remove” tag, required 
by law to ensure the consumer that the con¬ 
tents are properly represented in the labeling. 
The finished product is then transported to 
the packing area. Here it is inserted by hand 
or by automated machinery into protective 


plastic or paper covers. Additional informa¬ 
tion about the warranty, safety, and care of 
the product is also included in the packaging. 

Quality Control 

During the manufacturing phase most quality 
control procedures are carried out by sight. 
The majority of manufacturers implement 
inspections at critical points in the produc¬ 
tion process: after receiving the innerspring, 
before the closing, and before packing. 

Fire is a very real danger with all conven¬ 
tional mattresses, and the industry and the 
federal government have long sought ways to 
limit that danger. Since 1973, manufacturers 
selling in the United States have been 
required by law to make mattresses that resist 
ignition by cigarettes. In 1987, the industry 
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voluntarily began to include tags on mat¬ 
tresses that warn consumers of potential fire 
hazards. 

The Future 

In recent years a great deal of research has 
been done on the relationship between effec¬ 
tive sleep and the sleeping environment. 
Since comfort and sleep are to a great extent 
subjective, it is often difficult to quantify the 
results of such studies. However, many of 
the larger companies continue to spend a 
considerable amount of money on research, 
especially on the design of the innerspring. 
In these studies quality and comfort are key 
considerations. 

While traditional innerspring construction 
continues to account for the lion’s share of 
the mattresses produced in this country, both 
the water bed and the air mattress are gaining 
in popularity. While these unique designs 


require many different skills and production 
technologies, the growing demand for them 
over the last 20 years indicates a significant 
new trend. 

Where To Learn More 

Associations 

American Innerspring Manufacturers, 1918 
North Parkway, Memphis, Tennessee, 
38112. 

International Sleep Products Association, 
333 Commerce St., Alexandria, Virginia, 
22314. 

National Home Furnishings Association, 
P.O. Box 2396, High Point, North Carolina, 
27261. 

—Dan Pepper 
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Microwave Oven 


Microwaves can pass 
through plastic, glass, and 
paper materials; metal 
surfaces reflect them, and 
foods (especially liquids) 
absorb them. Microwaves 
heat food very quickly 
because they penetrate all 
layers simultaneously. 
Inside a piece of food or a 
container filled with liquid, 
the microwaves agitate 
molecules, thereby heating 
the substance. 


Background 

Microwaves are actually a segment of the 
electromagnetic wave spectrum, which com¬ 
prises forms of energy that move through 
space, generated by the interaction of electric 
and magnetic fields. The spectrum is com¬ 
monly broken into subgroups determined by 
the different wavelengths (or frequencies) 
and emission, transmission, and absorption 
behaviors of various types of waves. From 
longest to shortest wavelengths, the spectrum 
includes electric and radio waves, micro- 
waves, infrared (heat) radiation, visible light, 
ultraviolet radiation, X-rays, gamma rays, 
and electromagnetic cosmic rays. Micro- 
waves have frequencies between approxi¬ 
mately . 11 and 1.2 inches (0.3 and 30 cen¬ 
timeters). 

Microwaves themselves are used in many 
different applications such as telecommuni¬ 
cation products, radar detectors, wood curing 
and drying, and medical treatment of certain 
diseases. However, certain of their proper¬ 
ties render them ideal for cooking, by far the 
most common use of microwave energy. 
Microwaves can pass through plastic, glass, 
and paper materials; metal surfaces reflect 
them, and foods (especially liquids) absorb 
them. A meal placed in a conventional oven 
is heated from the outside in, as it slowly 
absorbs the surrounding air that the oven has 
warmed. Microwaves, on the other hand, 
heat food much more quickly because they 
penetrate all layers simultaneously. Inside a 
piece of food or a container filled with liquid, 
the microwaves agitate molecules, thereby 
heating the substance. 

The ability of microwave energy to cook 
food was discovered in the 1940s by Dr. 


Percy Spencer, who had conducted research 
on radar vacuum tubes for the military during 
World War II. Spencer’s experiments 
revealed that, when confined to a metal 
enclosure, high-frequency radio waves pene¬ 
trate and excite certain type of molecules, 
such as those found in food. Just powerful 
enough to cook the food, the microwaves are 
not strong enough to alter its molecular or 
genetic structure or to make it radioactive. 

Raytheon, the company for which Dr. 
Spencer was conducting this research, 
patented the technology and soon developed 
microwave ovens capable of cooking large 
quantities of food. Because manufacturing 
costs rendered them too expensive for most 
consumers, these early ovens were used pri¬ 
marily by hospitals and hotels that could 
more easily afford the $3,000 investment 
they represented. By the late 1970s, how¬ 
ever, many companies had developed 
microwave ovens for home use, and the cost 
had begun to come down. Today, micro- 
waves are a standard household appliance, 
available in a broad range of designs and 
with a host of convenient features: rotating 
plates for more consistent cooking; digital 
timers; autoprogramming capabilities; and 
adjustable levels of cooking power that 
enable defrosting, browning, and warming, 
among other functions. 

Design 

The basic design of a microwave oven is 
simple, and most operate in essentially the 
same manner. The oven’s various electronic 
motors, relays, and control circuits are 
located on the exterior casing, to which the 
oven cavity is bolted. A front panel allows 
the user to program the microwave, and the 
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MAGNETRON TUBE 



door frame has a small window to enable the 
cook to view the food while it is cooking. 

Near the top of the steel oven cavity is a mag¬ 
netron—an electronic tube that produces 
high-frequency microwave oscillations— 
which generates the microwaves. The micro- 
waves are funneled through a metal wave¬ 
guide and into a stirrer fan, also positioned 
near the top of the cavity. The fan distributes 
the microwaves evenly within the oven. 
Manufacturers vary the means by which they 
disburse microwaves to achieve uniform 
cooking patterns: some use dual stirrer fans 
located on opposite walls to direct micro- 
waves to the cavity, while others use entry 
ports at the bottom of the cavity, allowing 
microwaves to enter from both the top and 
bottom. In addition, many ovens rotate food 
on a turntable. 

Raw Materials 

The cover or outer case of the microwave 
oven is usually a one-piece, wrap-around 
metal enclosure. The oven’s inside panels 
and doors are made of galvanized or stain¬ 
less steel and are given a coating of acrylic 
enamel, usually light in color to offer good 
visibility. The cooking surface is generally 
made of ceramic or glass. Inside the oven, 


electromechanical components and controls 
consist of timer motors, switches, and relays. 
Also inside the oven are the magnetron tube, 
the waveguide, and the stirrer fan, all made 
of metal. The hardware that links the various 
components consists of a variety of metal 
and plastic parts such as gears, pulleys, belts, 
nuts, screws, washers, and cables. 

The Manufacturing 
Process 

Overt cavity and door manufacture 

I The process of manufacturing a 
microwave oven starts with the cavity and 
the door. First, the frame is formed using 
automatic metal-forming presses that make 
about 12 to 15 parts per minute. The frame is 
then rinsed in alkaline cleaner to get rid of 
any dirt or oil and further rinsed with water 
to get rid of the alkaline solution. 

2 Next, each part is treated with zinc phos¬ 
phate, which prepares it for electro-depo¬ 
sition. Electro-deposition consists of 
immersing the parts in a paint tank at 200 
volts for 2.5 minutes. The resulting coating is 
about 1.5 mils thick. The parts are then 
moved through a paint bake operation where 
the paint is cured at 300 degrees Fahrenheit 
(149 degrees Celsius) for 20 minutes. 


The oven cavity and door are made 
using metal-forming techniques and 
then painted using electro-deposi¬ 
tion, in which electric current is used 
to apply the paint. 

The magnetron tube subassembly 
includes several important parts. A 
powerful magnet is placed around 
the anode to provide the magnetic 
field in which the microwaves will 
be generated, while a thermal pro¬ 
tector is mounted directly on the 
magnetron to prevent damage to 
the tube from overheating. An 
antenna enclosed in a glass lube is 
mounted on top of the anode, and 
the air within the tube is pumped 
out to create a vacuum. Also, a 
blower motor used to cool the metal 
fins of the magnetron is attached 
directly to the tube. 


28 7 





How Products Are Made, Volume 1 


The chassis or frame is mounted in 
a pallet for the main assembly oper¬ 
ation. A pallet is a vise-like device 
used in conjunction with other tools. 


ASSEMBLY 



3 After the door has been painted, a perfo¬ 
rated metal plate is attached to its window 
aperture. The plate reflects microwaves but 
allows light to enter the cavity (the door will 
not be attached to the cavity until later, when 
the chassis is assembled). 

The magnetron tube subassembly 

4 The magnetron tube assembly consists of 
a cathode cylinder, a filament heater, a 
metal anode, and an antenna. The filament is 
attached to the cathode, and the cathode is 
enclosed in the anode cylinder; this cell will 
provide the electricity that will help to gener¬ 
ate the microwaves. Metal cooling fins are 
welded to the anode cylinder, and a powerful 
magnet is placed around the anode to provide 
the magnetic field in which the microwaves 
will be generated. A metal strap holds the 
complete assembly together. A thermal pro¬ 
tector is mounted directly on the magnetron to 
prevent damage to the tube from overheating. 


An antenna enclosed in a glass tube is 
mounted on top of the anode, and the air 
within the tube is pumped out to create a vac¬ 
uum. The waveguide is connected to the 
magnetron on top of the protruding antenna, 
while a blower motor used to cool the metal 
fins of the magnetron is attached directly to 
the tube. Finally, a plastic fan is attached to 
the motor, where it will draw air from outside 
the oven and direct it towards the vanes. This 
completes the magnetron subassembly. 

Main chassis assembly 

6 The chassis assembly work is performed 
on a pallet—a work-holding device used 
in conjunction with other tools—located at 
the station. First, the main chassis is placed 
on the pallet, and the cavity is screwed on to 
the chassis. Next, the door is attached to the 
cavity and chassis by means of hinges. The 
magnetron tube is then bolted to the side of 
the cavity and the main chassis. 
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f The circuit that produces the voltage 
" required to operate the magnetron tube 
consists of a large transformer, an oil-based 
capacitor, and a high voltage rectifier. All of 
these components are mounted directly on 
the chassis, close to the magnetron tube. 


Stirrer fan 


a timer bell that rings when the cooking cycle 
is complete and a light switch that allows 
viewing of the cavity. A number of interlock¬ 
ing switches are mounted near the top and 
bottom of the door area. The interlocking 
switches are sometimes grouped together 
with a safety switch that monitors the other 
switches and provides protection if the door 
accidently opens during oven operation. 


In a completed microwave oven, the 
magnetron tube creates the 
microwaves, and the waveguide 
directs them to the stirrer fan. In 
turn, this fan points the waves info 
the oven cavity where they heat the 
food inside. 


8 The stirrer fan used to circulate the 
microwaves is mounted on top of the 
cavity. Some manufacturers use a pulley to 
drive the fan from the magnetron blower 
motor; others use a separate stirrer motor 
attached directly to the fan. Once the stirrer 
fan is attached, a stirrer shield is screwed on 
top of the fan assembly. The shield prevents 
dirt and grease from entering the waveguide, 
where they could produce arcing and damage 
the magnetron. 

Control switches, relays, and motors 

9 The cook switch provides power to the 
transformer by energizing a relay and a 
timer. The relay is mounted close to the 
power transformer, while the timer is 
mounted on the control board. The defrost 
switch works like the cook switch, activating 
a motor and timer to operate the defrost 
cycle. Also mounted on the control board are 


Front panel 

A front panel that allows the operator 
to select the various settings and fea¬ 
tures available for cooking is attached to the 
chassis. Behind the front panel, the control 
circuit board is attached. The board, which 
controls the various programmed operations 
in their proper sequence when the switches 
are pushed on the front panel, is connected to 
the various components and the front panel 
by means of plug-in sockets and cables. 

Making and assembling the case 

The outer case of the microwave is 
made of metal and is assembled on a 
roll former. The case is slipped onto the pre¬ 
assembled microwave oven and bolted to the 
main chassis. 
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Testing and packaging the oven 

The power cords and dial knobs are 
now attached to the oven, and it is sent 
for automatic testing. Most manufacturers 
run the oven from 50-100 hours continuously 
as part of the testing process. After testing is 
complete, a palletizer robot records the model 
and serial data of the oven for inventory pur¬ 
poses, and the oven is sent for packaging. 
This completes the manufacturing process. 

Quality Control 

Extensive quality control during the manu¬ 
facture of microwave ovens is essential, 
because microwave ovens emit radiation that 
can bum anyone exposed at high levels for 
prolonged periods. Federal regulations, 
applied to all ovens made after October 
1971, limit the amount of radiation that can 
leak from an oven to 5 milliwatts of radiation 
per square centimeter at approximately 2 
inches from the oven surface. The regula¬ 
tions also require all ovens to have two inde¬ 
pendent, interlocking switches to stop the 
production of microwaves the moment the 
latch is released or the door is opened. 

In addition, a computer controlled scanner is 
used to measure emission leaks around the 
door, window, and back of the oven. Other 
scanners check the seating of the magnetron 
tube and antenna radiation. Each scanner 
operation relays data to the next-on-line oper¬ 
ation so that any problems can be corrected. 

The Future 

Because of their speed and convenience, 
microwave ovens have become an indispens¬ 
able part of modem kitchens. Many develop¬ 
ments in the microwave market and allied 
industries are taking place fairly rapidly. For 


example, foods and utensils designed spe¬ 
cially for microwave cooking have become a 
huge business. New features will also be 
introduced in microwaves themselves, 
including computerized storage of recipes 
that the consumer will be able to recall at the 
touch of a button. The display and program¬ 
mability of the ovens will also be improved, 
and combination ovens capable of cooking 
with microwaves as well as by conventional 
methods will become a standard household 
product. 

Where To Learn More 

Books 

Davidson, Homer L. Microwave Oven 
Repair , 2nd edition. Tab Books Inc., 1991. 

Gallawa, J. Carlton. The Complete 
Microwave Oven Service Handbook: Opera¬ 
tion, Maintenance. Prentice Hall, 1989. 

Microwave Oven Radiation. U.S. depart¬ 
ment of Health and Human Services, 1986. 

Pickett, Arnold and John Ketterer. House¬ 
hold Equipment in Residential Design. John 
Wiley and Sons, 1986. 

Raytheon Company. Appliance Manufac¬ 
turer. Cahners Publishing, 1985. 

Periodicals 

Klenck, Thomas. “How It Works: 
Microwave Oven.” Popular Mechanics. Sep¬ 
tember, 1989, p. 78. 

Roman, Mark. “The Little Waves That 
Could.” Discover. November, 1989, p. 54. 

—Rashid Riaz 
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Background 

From the earliest recorded history, humans 
have been fascinated by reflections. Narcis¬ 
sus was supposedly bewitched by his own 
reflection in a pool of water, and magic pow¬ 
ers are ascribed to mirrors in fairy tales. Mir¬ 
rors have advanced from reflective pools and 
polished metal surfaces to clear glass hand¬ 
held and bathroom mirrors. They have been 
used in interior decoration since the 17th 
century, and reflective surfaces on cars and 
in hotel lobbies are still popular in modem 
design. Mirrors are used for practical pur¬ 
poses as well: examining our appearance, 
examining what is behind us on the road, 
building skyscrapers, and making scientific 
research instruments, such as microscopes 
and lasers. 

The nature of modem mirrors is not funda¬ 
mentally different from a pool of water. 
When light strikes any surface, some of it 
will be reflected. Mirrors are simply smooth 
surfaces with shiny, dark backgrounds that 
reflect very well. Water reflects well, glass 
reflects poorly, and polished metal reflects 
extremely well. The degree of reflectivity— 
how much light bounces off of a surface— 
and the diffusivity of a surface—what direc¬ 
tion light bounces off of a surface—may be 
altered. These alterations are merely refine¬ 
ments, however. In general, all reflective 
surfaces, and hence, all mirrors, are really the 
same in character. 

Man-made mirrors have been in existence 
since ancient times. The first mirrors were 
often sheets of polished metal and were used 
almost exclusively by the ruling classes. 
Appearance often reflected, and in some 
cases determined, position and power in soci¬ 


ety, so the demand for looking glasses was 
high, as was the demand for the improvement 
of mirror-making techniques. Silvering—the 
process of coating the back of a glass sheet 
with melted silver—became the most popular 
method for making mirrors in the 1600s. The 
glass used in these early mirrors was often 
warped, creating a ripple in the image. In 
some severe cases, the images these mirrors 
reflected were similar to those we’d see in a 
fun-house mirror today. Modem glassmak¬ 
ing and metallurgical techniques make it easy 
to produce sheets of glass that are very flat 
and uniformly coated on the back, improving 
image clarity tremendously. Still, the quality 
of a mirror depends on the time and materials 
expended to make it. A handheld purse mir¬ 
ror may reflect a distorted image, while a 
good bathroom mirror will probably have no 
noticeable distortions. Scientific mirrors are 
designed with virtually no imperfections or 
distorting qualities whatsoever. 

Materials technology drastically affects the 
quality of a mirror. Light reflects best from 
surfaces that are non-diffusive, that is, 
smooth and opaque, rather than transparent. 
Any flaw in this arrangement will detract 
from the effectiveness of the mirror. Innova¬ 
tions in mirror making have been directed 
towards flattening the glass used and apply¬ 
ing metal coatings of uniform thickness, 
because light traveling through different 
thicknesses of glass over different parts of a 
mirror results in a distorted image. It is due 
to these irregularities that some mirrors make 
you look thinner and some fatter than nor¬ 
mal. If the metal backing on a mirror is 
scratched or thin in spots, the brightness of 
the reflection will also be uneven. If the 
coating is very thin, it may be possible to see 
through the mirror. This is how one-way 


Silvering—coating the 
back of a glass sheet with 
melted silver—was the 
most popular method for 
making mirrors in the 
1600s. The glass used in 
these early mirrors was 
often warped, creating a 
ripple in the image. 
Modern glassmaking 
techniques make it easy to 
produce sheets of glass 
that are very flat and 
uniformly coated on the 
back, improving image 
clarity tremendously. 
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mirrors are made. Non-opaque coating is 
layered over the thin, metal backing and only 
one side of the mirror (the reflecting side) is 
lit. This allows a viewer on the other side, in 
a darkened room, to see through. 

Raw Materials 

Glass, the main component of mirrors, is a 
poor reflector. It reflects only about 4 per¬ 
cent of the light which strikes it. It does, 
however, possess the property of uniformity, 
particularly when polished. This means that 
the glass contains very few pits after polish¬ 
ing and will form an effective base for a 
reflective layer of metal. When the metal 
layer is deposited, the surface is very even, 
with no bumps or wells. Glass is also consid¬ 
ered a good material for mirrors because it 
can be molded into various shapes for spe¬ 
cialty mirrors. Glass sheets are made from 
silica, which can be mined or refined from 
sand. Glass made from natural crystals of 
silica is known as fused quartz. There are 
also synthetic glasses, which are referred to 
as synthetic fused silica. The silica, or 
quartz, is melted to high temperatures, and 
poured or rolled out into sheets. 

A few other types of glass are used for high- 
quality scientific grade mirrors. These usu¬ 
ally contain some other chemical component 
to strengthen the glass or make it resistant to 
certain environmental extremes. Pyrex, for 
example, is a borosilicate glass—a glass com¬ 
posed of silica and boron—that is used when 
mirrors must withstand high temperatures. 

In some cases, a plastic substrate will do as 
well as a glass one. In particular, mirrors on 
children’s toys are often made this way, so 
they don’t break as easily. Plastic polymers 
are manufactured from petroleum and other 
organic chemicals. They can be injection 
molded into any desired shape, including flat 
sheets and circles, and can be opaque or 
transparent as the design requires. 

These base materials must be coated to make 
a mirror. Metallic coatings are the most 
common. A variety of metals, such as silver, 
gold, and chrome, are appropriate for this 
application. Silver was the most popular 
mirror backing one hundred years ago, lead¬ 
ing to the coinage of the term “silvering.” 
Old silver-backed mirrors often have dark 
lines behind the glass, however, because the 


material was coated very thinly and 
unevenly, causing it to flake off, scratch or 
tarnish. More recently, before 1940, mirror 
manufacturers used mercury because it 
spread evenly over the surface of the glass 
and did not tarnish. This practice was also 
eventually abandoned, for it posed the prob¬ 
lem of sealing in the toxic liquid. Today, 
aluminum is the most commonly used metal¬ 
lic coating for mirrors. 

Scientific grade mirrors are sometimes 
coated with other materials, like silicon 
oxides and silicon nitrides, in up to hundreds 
of layers of, each a 10,000th of an inch thick. 
These types of coatings, referred to as dielec¬ 
tric coatings, are used both by themselves as 
reflectors, and as protective finishes on 
metallic coatings. They are more scratch 
resistant than metal. Scientific mirrors also 
use silver coatings, and sometimes gold coat¬ 
ings as well, to reflect light of a particular 
color of light more or less well. 

Design 

Surface regularity is probably the most 
important design characteristic of mirrors. 
Mirrors for household use must meet roughly 
the same specifications as window panes and 
picture frame glass. The glass sheets used 
must be reasonably flat and durable. The 
designer need only specify the thickness 
required; for example, thicker mirrors are 
more durable, but they are also heavier. Sci¬ 
entific mirrors usually have specially 
designed surfaces. These surfaces must be 
uniformly smooth within several lOOOths of 
an inch, and can be designed with a specific 
curvature, just like eyeglass lenses. The 
design principle for these mirrors is the same 
as that of eyewear: a mirror may be intended 
to focus light as well as reflect it. 

The mirror design will also specify the type 
of coating to be used. Coating material is 
chosen based on required durability and 
reflectivity and, depending on the intended 
purpose of the mirror, it may be applied on 
the front or back surface of the mirror. Any 
subsequent layers of protective coatings 
must also be specified at this stage. For most 
common mirrors, the reflective coating will 
be applied on the back surface of the glass 
because it is less likely to be harmed there. 
The back side is then frequently mounted in a 
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plastic or metal frame so as to entirely seal 
the coating from the air and sharp objects. 

For scientific use, the color, or wavelength of 
light, which the mirror will reflect must be 
considered. For standard visible light or 
ultraviolet light mirrors, aluminum coatings 
are common. If the mirror is to be used with 
infrared light, a silver or gold coating is best. 
Dielectric coatings are also good in the 
infrared range. Ultimately, however, the 
choice of coating will depend on durability as 
well as wavelength range, and some reflectiv¬ 
ity may be sacrificed for resilience. A dielec¬ 
tric coating, for example, is much more 
scratch resistant than a metallic coating and, 
despite the additional cost, these coatings are 
often added on top of metal to protect it. 
Coatings on scientific grade mirrors are usu¬ 
ally applied on the front surface of the glass, 


because light which travels through glass will 
always distort to a small degree. This is 
undesirable in most scientific applications. 

The Manufacturing 
Process 

Cutting and shaping the glass 

I The first step in manufacturing any mirror 
is cutting the outline of the glass “blank” 
to suit the application. If the mirror is for an 
automobile, for example, the glass will be 
cut out to fit in the mirror mount on the car. 
Although some mirror manufacturers cut 
their own glass, others receive glass that has 
already been cut into blanks. Regardless of 
who cuts the glass, very hard, finely pointed 
blades are used to do the cutting. Diamond 
scribes or saws—sharp metal points or saws 


The initial step in mirror manufac¬ 
ture involves cutting and shaping the 
glass blanks. Cutting is usually done 
with a saw with diamond dust 
embedded in the tips. Next, the 
blanks are put in optical grinding 
machines, which use abrasive liquid 
plus a grinding plate to produce a 
very even, smooth finish on the 
blanks. The reflective material is then 
applied in an evaporator, which 
heats the metal coating until it evap¬ 
orates onto the surface of the blanks. 
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with diamond dust embedded in them—are 
often used because the diamond will wear 
down the glass before the glass wears down 
the diamond. The cutting method used 
depends entirely on the final shape the mirror 
will take. In one method, the blades or 
scribes may be used to cut partway through 
the glass; pressure can then be used to break 
the glass along the score line. In another 
method, a machine uses a diamond saw to cut 
all the way through the glass by drawing the 
blade back and forth or up and down multiple 
times, like an automated bandsaw. Cutting is 
usually done before the metal coating is 
applied, because the coating may flake off 
the glass as a result of the cut. An alternative 
to cutting the glass to form blanks is to mold 
the glass in its molten state. 

2 Blanks are then placed in optical grind¬ 
ing machines. These machines consist of 
large base plates full of depressions that hold 
the blanks. The blank-filled base is placed 
against another metal plate with the desired 
surface shape: flat, convex, or concave. A 
grinding compound—a gritty liquid—is 
spread over the glass blanks as they are 
rubbed or rolled against the curved surface. 
The action is similar to grinding spices with a 
mortar and pestle. The grit in the compound 
gradually wears away the glass surface until 
it assumes the same shape as the grinding 
plate. Finer and finer grits are used until the 
surface is very smooth and even. 

Hand grinding techniques exist as well, but 
they are extremely time-consuming and diffi¬ 
cult to control. They are only used in cases 
where mechanical grinding would be impos¬ 
sible, as is the case with very large or unusu¬ 
ally shaped surfaces. A commercial optical 
grinder can accommodate 50 to 200 blanks, 
which are all polished simultaneously. This 
is much more efficient than hand grinding. 
Even specialty optics can be made mechani¬ 
cally in adjustable equipment. 

Applying the reflective material 

3 When the glass surfaces are shaped 
appropriately and polished to a smooth 
finish, they are coated with whatever reflec¬ 
tive material the designer has chosen. 
Regardless of the coating material, it is 
applied in an apparatus called an evaporator. 
The evaporator is a large vacuum chamber 
with an upper plate for supporting the blank 


mirrors, and a lower crucible for melting the 
coating metal. It is so called because metal is 
heated in the crucible to the point that it 
evaporates into the vacuum, depositing a 
coating on the surface of the glass much like 
hot breath will steam a cold window. Blanks 
are centered over holes in the upper plate that 
allow the metal vapor to reach the surface of 
the glass. Metals can be heated to several 
hundreds or thousands of degrees (depending 
on the boiling point of the metal), before they 
vaporize. The temperature and timing for 
this procedure are controlled very precisely 
to achieve exactly the right thickness of 
metal.This method of coating creates very 
uniform and highly reflective surfaces. 

4 The shape of the holes in the upper plate 
will be transferred to the glass in metal, 
like paint through a stencil. This effect is 
often used to intentionally pattern the mirror. 
Metal stencils, or masks, can be applied to 
the surface of the glass to create one or more 
patterns. 

Dielectric coatings—either as reflective 
layers or as protective layers over metal 
ones—are applied in much the same way, 
except that gases are used instead of metal 
chunks. Silicon oxides and silicon nitrides 
are typically used as dielectric coatings. 
When these gases combine in extreme heat, 
they react to form a solid substance. This 
reaction product forms a coating just like 
metal does. 

6 Several evaporation steps may be com¬ 
bined to make a multiple-layer coating. 
Clear dielectric materials may be evaporated 
on top of metal or other dielectrics to change 
the reflective or mechanical properties of a 
surface. Mirrors with silvering on the back of 
the glass, for instance, often have an opaque 
dielectric layer applied to improve the reflec¬ 
tivity and keep the metal from scratching. 
One-way mirrors are the exception to this 
procedure, in which case great care must be 
taken not to damage the thin metal coating. 

7 Finally, when the proper coatings have 
been applied, the finished mirror is 
mounted in a base or packed carefully in a 
shock resistant package for shipping. 

Quality Control 

How good does a mirror have to be? Is it suf¬ 
ficient to have 80 percent of the light bounce 
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off? Does all 80 percent have to bounce in 
exactly the same direction? The answer is 
dependent on the application. A purse mirror 
might only be 80 or 90 percent reflective, and 
might have some slight irregularity in the 
thickness of the glass (like ripples on the sur¬ 
face of a pond). The image would be slightly 
distorted in this case, but the distortion 
would be barely visible to the naked eye. If, 
however, a mirror is to be used for a scien¬ 
tific application, for example in a telescope, 
the shape of the surface and the reflectivity 
of the coating must be known to a very spe¬ 
cific degree, to insure the reflected light goes 
exactly where the telescope designer wants 
it, and at the right intensity. The tolerances 
on the mirror will affect the cost and ease 
with which it can be manufactured. 

Batch mirror uniformity is the first and fore¬ 
most job of quality assurance. Mirrors on the 
edge of a grinding plate or evaporator cham¬ 
ber may not have the same surface or coating 
as those in the center of the apparatus. If 
there is a wide range of metal thicknesses or 
surface flatnesses in a single batch of mir¬ 
rors, the process must be adjusted to improve 
uniformity. 


Glass 


Dielectric— 
coating 



Reflective 

metal 


Light 


insure that they will withstand weather con¬ 
ditions, while bathroom mirrors are tested for 
water resistance. 


A typical mirror can include a metal 
reflective layer and one or more 
dielectric coatings—as protective 
layers over the metal one. Dielectric 
coatings are applied in much the 
same way as metal layers, except 
that gases such as silicon oxides 
and silicon nitrides are used instead 
of metal chunks. 


Several methods are employed to test the 
integrity of a mirror. The surface quality is 
examined first visually for scratches, 
unevenness, pits, or ripples. This can be 
done with the unaided eye, with a micro¬ 
scope, or with an infrared photographic 
process designed to show differences in 
metal thicknesses. 

For more stringent surface control, a profile 
of the mirror can be measured by running a 
stylus along the surface. The position of the 
stylus is recorded as it is dragged across the 
mirror. This is similar to the way a record 
player works. Like the record player, the 
drawback to a mechanical stylus is that it can 
damage the surface it is detecting. Mirror 
manufacturers have come to the same solu¬ 
tion as the recording industry: use a laser. 
The laser can be used for non-destructive 
testing in the same way a compact disc 
player reads the music from a disc without 
altering its surface. 

In addition to these mechanical tests, mirrors 
may be exposed to a variety of environmen¬ 
tal conditions. Car mirrors, for example, are 
taken through extremes of cold and heat to 


The Future 

As glassmaking techniques improve, mirrors 
find a more elaborate place in art and archi¬ 
tecture. Stronger, lighter glasses are more 
attractive to designers. Some one-way mir¬ 
ror manufacturing techniques allow windows 
to be manufactured that are mirrored on the 
outside. This creates a distinctive appear¬ 
ance on a building and also makes the build¬ 
ing’s air conditioning system more efficient 
by deflecting heat during the summer. This 
type of mirror is now commonly seen on 
office buildings. 

Mirrors will also continue to be used in 
sophisticated optical applications, from 
microscopes and telescopes to laser-based 
reading systems such as compact disc players 
and bar code scanners. 

Where To Learn More 

Books 

Hecht, Eugene. Optics. Addison-Wesley 
Publishing Co., 1974. 
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Korsch, Dietrich. Reflective Optics. Acade¬ 
mic Press, 1991. 

Londono, ed. Recent Trends in Optical Sys¬ 
tems Design: Computer Lens Design. SPIE- 
Intemational Society for Optical Engineer¬ 
ing, 1987. 

Periodicals 

Derra, Skip. “Spin Casting Method Makes 
the Grade for Telescopic Mirrors.” Research 
& Development. August, 1989, p. 24. 

Folger, Tim and Roger Ressmeyer. “The Big 
Eye.” Discover. November, 1991, p. 40. 


Hogan, Brian J. “Astronomy Gets a Sharper 
Vision.” Design News. August 26, 1991, p. 
110 . 

“Custom Optics.” Laser Focus World. 
December, 1992. 

Nash, J. Madeline. “Shoot for the Stars.” 
Time. April 27, 1992, p. 56. 

Walker, Jearl. “Wonders with the Retrore- 
flector, a Mirror That Removes Distortion 
from a Light Beam.” Scientific American. 
April, 1986, p. 118. 

—Leslie G. Melcer 
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Nail Polish 


Background 

Unlike many other cosmetics that have a his¬ 
tory of hundreds or even thousands of years, 
nail polish (or lacquer, or enamel) is almost 
completely an invention of twentieth century 
technology. Nail coverings were not un¬ 
known in ancient times—the upper classes of 
ancient Egypt probably used henna to dye 
both hair and fingernails—but essentially, its 
composition, manufacture and handling re¬ 
flect developments in modem chemical tech¬ 
nology. 

Modem nail polish is sold in liquid form in 
small bottles and is applied with a tiny brush. 
Within a few minutes after application, the 
substance hardens and forms a shiny coating 
on the fingernail that is both water- and chip- 
resistant. Generally, a coating of nail polish 
may last several days before it begins to chip 
and fall off. Nail polish can also be removed 
manually by applying nail polish “remover,” 
a substance designed to break down and dis¬ 
solve the polish. 

Raw Materials 

There is no single formula for nail polish. 
There are, however, a number of ingredient 
types that are used. These basic components 
include: film forming agents, resins and plas¬ 
ticizers, solvents, and coloring agents. The 
exact formulation of a nail polish, apart from 
being a corporate secret, greatly depends 
upon choices made by chemists and chemical 
engineers in the research and development 
phase of manufacturing. Additionally, as 
chemicals and other ingredients become ac¬ 
cepted or discredited for some uses, adjust¬ 
ments are made. For example, formaldehyde 
was once frequently used in polish produc¬ 
tion, but now it is rarely used. 


The primary ingredient in nail polish is nitro¬ 
cellulose (cellulose nitrate) cotton, a flamma¬ 
ble and explosive ingredient also used in 
making dynamite. Nitrocellulose is a liquid 
mixed with tiny, near-microscopic cotton 
fibers. In the manufacturing process, the cot¬ 
ton fibers are ground even smaller and do not 
need to be removed. The nitrocellulose can 
be purchased in various viscosities to match 
the desired viscosity of the final product. 

Nitrocellulose acts as a film forming agent. 
For nail polish to work properly, a hard film 
must form on the exposed surface of the nail, 
but it cannot form so quickly that it prevents 
the material underneath from drying. (Con¬ 
sider commercial puddings or gelatin prod¬ 
ucts that dry or film on an exposed surface 
and protect the moist product underneath.) 
By itself or used with other functional ingre¬ 
dients, the nitrocellulose film is brittle and 
adheres poorly to nails. 

Manufacturers add synthetic resins and plas¬ 
ticizers (and occasionally similar, natural 
products) to their mixes to improve flexibil¬ 
ity, resistance to soap and water, and other 
qualities; older recipes sometimes even used 
nylon for this purpose. Because of the num¬ 
ber of desired qualities involved, however, 
there is no single resin or combination of 
resins that meets every specification. Among 
the resins and plasticizers in use today are 
castor oil, amyl and butyl stearate, and mixes 
of glycerol, fatty acids, and acetic acids. 

The colorings and other components of nail 
polish must be contained within one or more 
solvents that hold the colorings and other 
materials until the polish is applied. After ap¬ 
plication, the solvent must be able to evapo¬ 
rate. In many cases, the solvent also acts a 


The primary ingredient in 
nail polish is nitrocellulose 
cotton, a flammable and 
explosive ingredient also 
used in making dynamite. 
Nitrocellulose is a liquid 
mixed with tiny, near- 
microscopic cotton fibers. 
In the manufacturing 
process, the cotton fibers 
are ground even smaller 
and do not need to be 
removed. 
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Nitrocellulose Plasticizers 



Color pigments 
added 



Nail polish is made by combining 
nitrocellulose and plasticizers with 
color pigments. The mixing is done 
in a "two-roll" differential speed 
mill, which grinds the pigment be¬ 
tween a pair of rollers that are able 
to work with increasing speed as 
the pigment is ground down. The 
goal is to produce fine dispersion of 
the color. 


plasticizer. Butyl stearate and acetate com¬ 
pounds are perhaps the most common. 

Finally, the polish must have a color. Early 
polishes used soluble dyes, but today’s prod¬ 
uct contains pigments of one type or another. 
Choice of pigment and its ability to mix well 
with the solvent and other ingredients is es¬ 
sential to producing a good quality product. 

Nail polish is a “suspension” product, in 
which particles of color can only be held by 
the solvent for a relatively short period of 
time, rarely more than two or three years. 
Shaking a bottle of nail polish before use 
helps to restore settled particles to the sus¬ 
pension; a very old bottle of nail polish may 
have so much settled pigment that it can 
never be restored to the solvent. The problem 
of settling is perhaps the most difficult to be 
addressed in the manufacturing process. 


In addition to usual coloring pigments, other 
♦color tones can be added depending upon the 
color, tone, and hue of the desired product. 
Micas (tiny reflective minerals), also used in 
lipsticks, are a common additive, as is 
“pearl” or “fish scale” essence. “Pearl” or 
“guanine” is literally made from small fish 
scales and skin, suitably cleaned, and mixed 
with solvents such as castor oil and butyl ac¬ 
etate. The guanine can also be mixed with 
gold, silver, and bronze tones. 

Pigment choices are restricted by the federal 
Food and Drug Administration (FDA), 
which maintains lists of pigments considered 
acceptable and others that are dangerous and 
cannot be used. Manufacturing plants are in¬ 
spected regularly, and manufacturers must be 
able to prove they are using only FDA ap¬ 
proved pigments. Since the FDA lists of ac- 
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ceptable and unacceptable pigments change 
with new findings and reexaminations of col¬ 
ors, manufacturers occasionally have to re¬ 
formulate a polish formula. 

The Manufacturing 
Process 


ferential speed mill. This mill grinds the pig¬ 
ment between a pair of rollers that are able to 
work with increasing speed as the pigment is 
ground down. The goal is to produce fine dis¬ 
persion of the color. A variation of this mill is 
the Banbury Mixer (used also in the produc¬ 
tion of rubber for rubber bands). 


Once the pigment mass is pre¬ 
pared, it is mixed with solvent in a 
stainless steel kettle. The kettle has a 
water-jacket to facilitate cooling of 
the mixture. 


Early methods of making nail polish used a 
variety of methods that today look charm¬ 
ingly amateurish. One common technique 
was to mix cleaned scraps of movie film and 
other cellulose with alcohol and castor oil 
and leave the mixture to soak overnight in a 
covered container. The mixture was then 
strained, colored, and perfumed. Though rec¬ 
ognizable as nail polish, the product was far 
from what we have available today. 

The modem manufacturing process is a very 
sophisticated operation utilizing highly skilled 
workers, advanced machinery, and even ro¬ 
botics. Today’s consumers expect a nail pol¬ 
ish to apply smoothly, evenly, and easily; to 
set relatively quickly; and to be resistant to 
chipping and peeling. In addition, the polish 
should be dermatologically innocuous. 

Mixing the pigment with nitrocellu¬ 
lose and plasticizer 

I The pigments are mixed with nitrocellu¬ 
lose and plasticizer using a “two-roll” dif¬ 


2 When properly and fully milled, the mix¬ 
ture is removed from the mill in sheet 
form and then broken up into small chips for 
mixing with the solvent. The mixing is per¬ 
formed in stainless steel kettles that can hold 
anywhere from 5 to 2,000 gallons. Stainless 
steel must be used because the nitrocellulose 
is extremely reactive in the presence of iron. 
The kettles are jacketed so that the mixture 
can be cooled by circulating cold water or 
another liquid around the outside of the ket¬ 
tle. The temperature of the kettle, and the rate 
of cooling, are controlled by both computers 
and technicians. 

This step is performed in a special room or 
area designed to control the hazards of fire 
and explosion. Most modern factories per¬ 
form this step in an area with walls that will 
close in if an alarm sounds and, in the event 
of explosion, with ceilings that will safely 
blow off without endangering the rest of the 
structure. 
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Adding other ingredients 

3 Materials are mixed in computerized, 
closed kettles. At the end of the process, 
the mix is cooled slightly before the addition 
of such other materials as perfumes and 
moisturizers. 

The mixture is then pumped into smaller, 
55 gallon drums, and then trucked to a 
production line. The finished nail polish is 
pumped into explosion proof pumps, and 
then into smaller bottles suitable for the retail 
market. 

Quality Control 

Extreme attention to quality control is essen¬ 
tial throughout the manufacturing process. 
Not only does quality control increase safety 
in the process, but it is the only way that a 
manufacturer can be assured of consumer 
confidence and loyalty. A single bottle of 
poor quality polish can lose a customer for¬ 
ever. Regardless of quality control, however, 
no single nail polish is perfect; the polish al¬ 
ways represents a chemical compromise be¬ 
tween what is desired and what the 
manufacturer is able to produce. 

The nail polish is tested throughout the man¬ 
ufacturing process for several important fac¬ 
tors (drying time, smoothness of flow, gloss, 
hardness, color, abrasion resistance, etc.). 
Subjective testing, where the mixture or final 
product is examined or applied, is ongoing. 
Objective, laboratory testing of samples, 
though more time consuming, is also neces¬ 
sary to ensure a usable product. Laboratory 
tests are both complicated and unforgiving, 
but no manufacturer would do without them. 

The Future 

Perhaps the major problem with nail pol¬ 
ishes—from the consumer’s point of view— 
is the length of the drying time. Various 
methods of producing fast-drying polish 
have recently been patented, and these meth¬ 
ods, along with others that are still being de¬ 
veloped, may result in marketable products. 


Of all the different types of cosmetics, nail 
polish is the one that is most likely to continue 
to be positively affected by advancements and 
developments in the chemistry field. 

Where To Learn More 

Books 

Balsam, M. S., ed. Cosmetics: Science & 
Technology. Krieger Publishing, 1991. 

Chemistry of Soap, Detergents, & Cosmetics. 
Flinn Scientific, 1989. 

Flick, Ernest W. Cosmetic & Toiletry Form¬ 
ulations. 2nd ed., Noyes Press, 1992. 

Meyer, Carolyn. Being Beautiful: The Story 
of Cosmetics From Ancient Art to Modern 
Science. William Morrow and Company, 
1977. 

Wells, F. V. and Irwin I. Lubowe, M.D., eds. 
Cosmetics and The Skin. Reinhold Publishing 
Corp., 1964. 

Periodicals 

Andrews, Edmund L. “Patents: A Nail Polish 
That Dries Fast.” New York Times, March 7, 
1992, p. 40. 

Andrews, Edmund L. “Patents: Quick-Dry 
Coating for Nail Polish.” New York Times, 
June 13, 1992, p. 36. 

“Makeup Formulary.” Cosmetics & Toilet¬ 
ries, April, 1986, pp. 103-22. 

Ikeda, T., T. Kobayashi, and C. Tanaka. 
“Development of Highly Safe Nail Enamel.” 
Cosmetics & Toiletries, April, 1988, pp. 59- 
60+. 

Schlossman, Mitchell L. “Nail Cosmetics.” 
Cosmetics & Toiletries, April, 1986, pp. 23- 
4+. 

—Lawrence H. Berlow 
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Necktie 


Background 

Neckwear dates back 30,000 years when 
primitive peoples adorned their chests with 
beads and bangles. Throughout the ages, 
people continued to wear wood, metal, 
pearls, feathers, glass, or cloth around their 
necks. Perhaps the superstition widely be¬ 
lieved in the Middle Ages that bodily ills en¬ 
tered one through the throat had something to 
do with the continued popularity of a protec¬ 
tive neckcloth, or perhaps soldiers felt more 
secure in having their neck covered in battle. 

The first neckties, known as cravats, were 
worn by soldiers in the seventeenth century. 
According to legend, Croatian mercenaries, 
after having fought over Turkey, visited 
Louis XIV in Paris to celebrate their victory. 
The Sun King was so impressed by the col¬ 
ored silk scarfs the soldiers wore around their 
necks that he adopted the fashion himself. 
The mercenaries, called the Royal Cravattes 
(from the Croatian word kravate ), lent their 
name to what became a popular fashion ac¬ 
cessory. The style quickly spread to England 
after exiled Charles II returned from France, 
bringing with him his interest in cravats, and 
they have continued to be a part of men’s 
neckwear since then. 

The stock tie, which appeared to be a well- 
tied knot in the front but was actually fas¬ 
tened at the back of the neck, was an 
alternative to the cravat for almost two hun¬ 
dred years, only to be forgotten by the early 
1900s. The modern necktie became the 
norm in the twentieth century. Ninety-five 
million ties are sold in the United States an¬ 
nually, generating more than $1.4 billion in 
retail sales, according to MR Magazine and 
the Neckwear Association of America’s 
1992 Handbook. 


Raw Materials 

The most commonly used fibers for the man¬ 
ufacturing of neckties are silk, polyester, 
wool and wool blends, acetate, rayon, nylon, 
cotton, linen, and ramie. Neckties made 
from silk represent about 40 percent of the 
market. Raw silk is primarily imported from 
China and, to a far lesser extent, Brazil. 
Domestic weavers of tie fabrics buy their silk 
yam in its natural state and have it finished 
and dyed by specialists. Technological ad¬ 
vances have made possible the use of mi¬ 
crofiber polyesters, which produce a rich, 
soft fabric resembling silk and which can be 
combined with natural or other artificial 
fibers to produce a wide range of effects. 

Design 

The design of neckties is an interactive 
process between weavers and tie manufactur¬ 
ers. Because small quantities in any given 
pattern and color are produced, and because 
fabrics can be so complex, tie fabric weaving 
is seen as an art form by many in the industry. 

Much of neckwear design is done in Como, 
Italy. If a new design is requested, time is 
spent developing ideas, producing sample 
goods, and booking orders against the sam¬ 
ples. Most of the time, however, weavers 
work with open-stock items (designs that 
have been previously used and have a lasting 
appeal). Weavers use computerized silk 
screens, a process that has replaced the more 
time and labor-intensive manual silk-screen¬ 
ing. When working with a standard design, 
the designer fills in each year’s popular col¬ 
ors, changing both background and fore¬ 
ground colors, making it broader or narrower, 
larger or smaller, according to demand. The 


The first neckties, known 
as cravats, were worn by 
soldiers in the seventeenth 
century. According to 
legend, Croatian 
mercenaries, after having 
fought over Turkey, visited 
Louis XIV in Paris to 
celebrate their victory. The 
Sun King was so 
impressed by the colored 
silk scarfs the soldiers 
wore that he adopted the 
fashion himself. 
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Cutting 





Turning 



The first step in the manufacture of 
neckties is cutting the pieces from 
40-yard bolts of cloth. Next, using a 
sewing machine, workers join the 
tie's 3 sections on the bias in the 
neckband area and then add the 
facing to the back of the tie's ends. 
At this point, the tie is inside out. 
After the interlining is stitched to the 
tie, the tie is turned right-side out. 


manufacturer offers input and refinements in 
coloration and patterns. If willing to commit 
to a large amount of yardage, a manufacturer 
can also develop his or her own design and 
commission a weaver to produce it. 

Once the design is complete, it is sent to 
mills where it is imprinted onto 40-yard bolts 
of silk. The bolts of silk are then sent to the 
United States for manufacturing. 

The main components of a necktie are the 
outer fabric, or shell, the interlining (both cut 
on the bias), and the facing or tipping, which 
is stitched together by a resilient slip-stitch 
so that the finished tie can “give” while being 
tied and recover from constant knotting. The 
quality of the materials and construction de¬ 
termines if a tie will drape properly and hold 
its shape without wrinkling. 


A well-cut lining is the essence of a good neck¬ 
tie. This interlining determines not only the 
shape of the tie but also how well it will wear. 
Therefore, it must be properly coordinated in 
blend, nap, and weight to the shell fabric. 
Lightweight outer material may require heav¬ 
ier interlining, while heavier outer fabrics need 
lighter interlining to give the necessary hand, 
drape, and recovery. Most interlining manu¬ 
facturers use a marking system to identify the 
weight and content of their cloths, usually col¬ 
ored stripes, with one stripe being the lightest 
and six stripes being the heaviest. This facili¬ 
tates inventory control and manufacturing. 

A completed tie measures from 53 to 57 
inches in length. Extra-long ties, recom¬ 
mended for tall men or men with large necks, 
are 60 to 62 inches long, and student ties are 
between 48 and 50 inches in length. 
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The Manufacturing 
Process 

Cutting the outer fabric 

I ln the workroom, an operator first spreads 
the 40-yard bolts of cloth on a long cut¬ 
ting table. Cutting the outer fabric is done by 
a skilled hand to maximize the yield, or the 
number of ties cut from the piece of goods. If 
the fabric has a random design, the operator 
stacks between 24 and 72 plies of fabric 
pieces in preparation for cutting the fabric. If 
pattern of the fabric (or of the “goods”) con¬ 
sists of panels, such as stripes with a medal¬ 
lion at the bottom, these panels are then 
stacked according to the pattern. 

Adding the facing 

2 Using the chain stitch of a sewing ma¬ 
chine, sewing operators join the tie’s 
three sections on the bias in the neckband 
area. The operator now adds the facing, or 
tipping (an extra piece of silk, nylon, rayon, 
or polyester), to the back of the tie’s ends. 
Facing gives a crisp, luxurious hand to the 
shell. Two types of facing are currently uti¬ 
lized. Three-quarter facing extends six to 
eight inches upward from the point of the tie, 
while full facing extends even higher, ending 
just under the knot. 

3 A quarter to a half of an inch of the shell 
of the fabric is now turned under, to form 
a point. The point is then machine-hemmed 
by the sewing operator. 

Piece pressing 

4 Quality silk ties are pocket or piece- 
pressed. This means that the joint at the 
neck (the piecing) is pressed flat so the 
wearer will not be inconvenienced by any 
bulkiness. 

Interlining 

The interlining is slip-stitched to the outer 
shell with resilient nylon thread, which 
runs through the middle of the tie. Most ties 
are slip-stitched with a Liba machine, a semi- 
automated machine that closely duplicates 
the look and resiliency of hand stitching. 
Hand stitching is often used in the manufac¬ 
ture of high-quality neckties because it offers 
maximum resiliency and draping qualities. 


The technique is characterized by the irregu¬ 
larly spaced stitches on the reverse of the tie 
when the seam is spread slightly apart; by the 
dangling, loose thread with a tiny knot at the 
end of the reverse of the front apron; and by 
the ease with which the tie can slide up and 
down this thread. 

Turning the lining 

6 Using a turning machine or a manual 
turner (with a rod about 9 1/2 inches 
long), an operator turns the tie right-side out 
by pulling one end of the tie through the 
other. While not yet pressed, the tie is almost 
complete. On silk ties only, the lining is then 
tucked by hand into the bottom comer of the 
long end of the tie. If necessary, the operator 
hand-trims the lining to fit the point of the 
long end. (In all other ties, the lining does not 
reach all the way to the bottom comer.) 

7 A final piece to be sewn on is the loop, 
which serves both as a holder for the thin 
end of the tie when it’s being worn and as the 
manufacturer’s label. 

The Future 

Relatively recent disruptions in the supply of 
raw silk from China, in addition to technolog¬ 
ical advancements, have highlighted the ad¬ 
vantages of using man-made fiber yarns. 
These artificial fibers are readily and depend¬ 
ably synthesized from domestic resources 
and are also usually yam-dyed. Microfiber 
polyester or nylon fibers (with a denier per 
filament count of one or less) can be bundled 
into yam finer than cotton and silk and can be 
combined with natural or other man-made 
fibers to produce a wide range of effects. 
Introduced into fabrics as air textured, false 
twist textured, or fully-drawn flat yams, they 
produce a rich, soft, silk-like hand. 

Where To Learn More 

Books 

Boucher, Francois. 20,000 Years of Fashion: 
The History of Costume and Personal 
Adornment. Harry N. Abrams, Inc., 
Publishers, 1966. 

Gibbings, Sarah. The Tie: Trends and 
Traditions. Barron’s, 1990. 
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History of Costume from Ancient Egypt to Yarwood, Doreen. The Encyclopedia of 
the Twentieth Century. Harper and Row World Costume. Charles Scribner’s and 
Publishers, Inc., 1965. Sons, 1978. 

Schoeffler, O. E. and William Gale. Esquire’s —Eva Sideman 

Encyclopedia of 20th Century Men’s 
Fashions. McGraw Hill, Inc., 1973. 
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Optical Fiber 


Background 

An optical fiber is a single, hair-fine filament 
drawn from molten silica glass. These fibers 
are replacing metal wire as the transmission 
medium in high-speed, high-capacity com¬ 
munications systems that convert informa¬ 
tion into light, which is then transmitted via 
fiber optic cable. Currently, American tele¬ 
phone companies represent the largest users 
of fiber optic cables, but the technology is 
also used for power lines, local access com¬ 
puter networks, and video transmission. 

Alexander Graham Bell, the American in¬ 
ventor best known for developing the tele¬ 
phone, first attempted to communicate using 
light around 1880. However, light wave 
communication did not become feasible until 
the mid-twentieth century, when advanced 
technology provided a transmission source, 
the laser, and an efficient medium, the opti¬ 
cal fiber. The laser was invented in 1960 
and, six years later, researchers in England 
discovered that silica glass fibers would 
carry light waves without significant attenua¬ 
tion, or loss of signal. In 1970, a new type of 
laser was developed, and the first optical 
fibers were produced commercially. 

In a fiber optic communications system, ca¬ 
bles made of optical fibers connect datalinks 
that contain lasers and light detectors. To 
transmit information, a datalink converts an 
analog electronic signal—a telephone con¬ 
versation or the output of a video camera— 
into digital pulses of laser light. These travel 
through the optical fiber to another datalink, 
where a light detector reconverts them into 
an electronic signal. 


Raw Materials 

Optical fibers are composed primarily of sili¬ 
con dioxide (SiCh), though minute amounts 
of other chemicals are often added. Highly 
purified silica powder was used in the now- 
outmoded crucible manufacturing method, 
while liquid silicon tetrachloride (SiCh) in a 
gaseous stream of pure oxygen (O 2 ) is the 
principal source of silicon for the vapor de¬ 
position method currently in widespread use. 
Other chemical compounds such as germa¬ 
nium tetrachloride (GeCh) and phosphorus 
oxychloride (POCE) can be used to produce 
core fibers and outer shells, or claddings, 
with function-specific optical properties. 

Because the purity and chemical composition 
of the glass used in optical fibers determine 
the most important characteristic of a fiber— 
degree of attenuation—research now focuses 
on developing glasses with the highest possi¬ 
ble purity. Glasses with a high fluoride con¬ 
tent hold the most promise for improving 
optical fiber performance because they are 
transparent to almost the entire range of visi¬ 
ble light frequencies. This makes them espe¬ 
cially valuable for multimode optical fibers, 
which can transmit hundreds of discrete light 
wave signals concurrently. 

Design 

In a fiber optic cable, many individual opti¬ 
cal fibers are bound together around a central 
steel cable or high-strength plastic carrier for 
support. This core is then covered with pro¬ 
tective layers of materials such as aluminum, 
Kevlar, and polyethylene (the cladding). 
Because the core and the cladding are con¬ 
structed of slightly differing materials, light 


Because the purity and 
chemical composition of 
the glass used in optical 
fibers determine the most 
important characteristic of 
a fiber—degree of 
attenuation—research now 
focuses on developing 
glasses with the highest 
possible purity. Glasses 
with a high fluoride 
content hold the most 
promise for improving 
optical fiber performance 
because they are 
transparent to almost the 
entire range of visible light 
frequencies. 
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To make an optical fiber, layers of 
silicon dioxide are first deposited on 
the inside surface of a hollow sub¬ 
strate rod. This is done using 
Modified Chemical Vapor 
Deposition, in which a gaseous 
stream of pure oxygen combined 
with various chemical vapors is ap¬ 
plied to the rod. As the gas contacts 
the hot surface of the rod, a glassy 
soot several layers thick forms in¬ 
side the rod. 

After the soot is built up to the de¬ 
sired thickness, the substrate rod is 
moved through other heating steps 
to drive out any moisture and bub¬ 
bles trapped in the soot layers. 
During heating, the substrate rod 
and internal soot layers solidify to 
form the boule or preform of highly 
pure silicon dioxide. 


VAPOR DEPOSITION 





travels through them at different speeds. As 
a light wave traveling in the fiber core 
reaches the boundary between the core and 
cladding, these compositional differences be¬ 
tween the two cause the light wave to bend 
back into the core. Thus, as a pulse of light 
travels through an optical fiber, it is con¬ 
stantly bouncing away from the cladding. A 
pulse moves through the optical fiber at the 
speed of light—186,290 miles per second 
(299,340 kilometers per second) in a vac¬ 
uum, somewhat slower in practice—losing 
energy only because of impurities in the 
glass and because of energy absorption by ir¬ 
regularities in the glass structure. 

Energy losses (attenuation) in an optical fiber 
are measured in terms of loss (in decibels, a 
unit of energy) per distance of fiber. 
Typically, an optical fiber has losses as low 
as 0.2 decibels per kilometer, meaning that 
after a certain distance the signal becomes 
weak and must be strengthened, or repeated. 
With current datalink technology, laser sig¬ 


nal repeaters are necessary about every 30 
kilometers (18.5 miles) in a long-distance 
cable. However, on-going research in optical 
material purity is aimed at extending the dis¬ 
tance between repeaters of an optical fiber up 
to 100 kilometers (62 miles). 

There are two types of optical fibers. In a 
single-mode fiber, the core is smaller, typi¬ 
cally 10 micrometers (a micrometer is one- 
millionth of a meter) in diameter, and the 
cladding is 100 micrometers in diameter. A 
single-mode fiber is used to carry just one 
light wave over very long distances. Bundles 
of single-mode optical fibers are used in 
long-distance telephone lines and undersea 
cables. Multimode optical fibers, which 
have a core diameter of 50 micrometers and a 
cladding diameter of 125 micrometers, can 
carry hundreds of separate light wave signals 
over shorter distances. This type of fiber is 
used in urban systems where many signals 
must be carried to central switching stations 
for distribution. 
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Optical Fiber 

After the solid glass preform is pre¬ 
pared, it is transferred to a vertical 
drawing system. In this system, the 
preform is first heated. As it does 
so, a gob of molten glass forms at 
its end and then falls away, allow¬ 
ing the single optical fiber inside to 
be drawn out. 

The fiber then proceeds through the 
machine, where its diameter is 
checked, a protective coating is ap¬ 
plied, and it is cured by heat. 
Finally, it is wound on a spool. 


The Manufacturing 
Process 

Both the core and the cladding of an optical 
fiber are made of highly purified silica glass. 
An optical fiber is manufactured from silicon 
dioxide by either of two methods. The first, 
the crucible method, in which powdered sil¬ 
ica is melted, produces fatter, multimode 
fibers suitable for short-distance transmis¬ 
sion of many light wave signals. The second, 
the vapor deposition process, creates a solid 
cylinder of core and cladding material that is 
then heated and drawn into a thinner, single¬ 
mode fiber for long-distance communication. 

There are three types of vapor deposition 
techniques: Outer Vapor Phase Deposition, 
Vapor Phase Axial Deposition, and Modified 
Chemical Vapor Deposition (MCVD). This 
section will focus on the MCVD process, the 
most common manufacturing technique now 
in use. MCVD yields a low-loss fiber well- 
suited for long-distance cables. 


Modified Chemical Vapor 
Deposition 

1 First, a cylindrical preform is made by de¬ 
positing layers of specially formulated sil¬ 
icon dioxide on the inside surface of a hollow 
substrate rod. The layers are deposited by ap¬ 
plying a gaseous stream of pure oxygen to 
the substrate rod. Various chemical vapors, 
such as silicon tetrachloride (SiCU), germa¬ 
nium tetrachloride (GeCh), and phosphorous 
oxychloride (POCh), are added to the stream 
of oxygen. As the oxygen contacts the hot 
surface of the rod—a flame underneath the 
rod keeps the walls of the rod very hot—sili¬ 
con dioxide of high purity is formed. The re¬ 
sult is a glassy soot, several layers thick, 
deposited inside the rod. This soot will be¬ 
come the core. The properties of these layers 
of soot can be altered depending on the types 
of chemical vapors used. 

2 After the soot is built up to the desired 
thickness, the substrate rod is moved 
through other heating steps to drive out any 
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A typical optical fiber cable usually 
includes several optical fibers 
around a central steel cable. 
Various protective layers are ap¬ 
plied, depending on the harshness 
of the environment where the cable 
will be situated. 



moisture and bubbles trapped in the soot lay¬ 
ers. During heating, the substrate rod and in¬ 
ternal soot layers solidify to form the boule 
or preform of highly pure silicon dioxide. A 
preform usually measures 10 to 25 millime¬ 
ters (.39 to .98 inch) in diameter and 600 to 
1000 millimeters (23.6 to 39.37 inches) in 
length. 

Drawing the fibers 

3 The solid preform is then automatically 
transferred to a vertical fiber drawing 
system. The machines that make up a typical 
vertical drawing system can be two stories 
high and are able to produce continuous 
fibers up to 300 kilometers (186 miles) long. 
This system consists of a furnace to melt the 
end of the preform, sensors to monitor the di¬ 
ameter of the fiber being pulled from the pre¬ 
form, and coating devices to apply protective 
layers over the outer cladding. 

4 The preform first passes through a fur¬ 
nace, where it is heated to about 3600 de¬ 


grees Fahrenheit (about 2000 degrees 
Celsius). Next, a drop of molten glass called a 
“gob” forms at the end of the preform, much 
like a droplet of water that collects at the bot¬ 
tom of a leaky faucet. The gob then falls 
■'away, and the single optical fiber inside is 
drawn out of the preform. As the optical fiber 
is pulled from the preform, the material in the 
original substrate rod forms the cladding, and 
the silicon dioxide deposited as soot forms 
the core of the optical fiber. 

As the fiber is drawn out, measuring de¬ 
vices monitor its diameter and its con¬ 
centricity, while another device applies a 
protective coating. The fiber then passes 
through a curing furnace and another mea¬ 
suring device that monitors diameter, before 
being wound on a spool. 

Quality Control 

Quality control begins with the suppliers of 
the chemical compounds used as the raw ma- 
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Optical Fiber 


terials for the substrate rods, chemical reac¬ 
tants, and fiber coatings. Specialty chemical 
suppliers provide detailed chemical analyses 
of the constituent compounds, and these 
analyses are constantly checked by comput¬ 
erized on-stream analyzers connected to the 
process vessels. 

Process engineers and highly trained techni¬ 
cians closely watch the sealed vessels as pre¬ 
forms are being created and fibers drawn. 
Computers operate the complex control 
schemes necessary to manage the high tem¬ 
peratures and high pressures of the manufac¬ 
turing process. Precise measurement devices 
continuously monitor fiber diameter and pro¬ 
vide feedback for control of the drawing 
process. 

The Future 

Future optical fibers will come from on¬ 
going research into materials with improved 
optical properties. Currently, silica glasses 
with a high fluoride content hold the most 
promise for optical fibers, with attenuation 
losses even lower than today’s highly effi¬ 
cient fibers. Experimental fibers, drawn 
from glass containing 50 to 60 percent zirco¬ 
nium fluoride (ZrF4), now show losses in the 
range of 0.005 to 0.008 decibels per kilome¬ 
ter, whereas earlier fibers often had losses of 
0.2 decibels per kilometer. 

In addition to utilizing more refined materi¬ 
als, the producers of fiber optic cables are ex¬ 
perimenting with process improvement. 
Presently, the most sophisticated manufactur¬ 
ing processes use high-energy lasers to melt 
the preforms for the fiber draw. Fibers can be 
drawn from a preform at the rate of 10 to 20 
meters (32.8 to 65.6 feet) per second, and sin¬ 
gle-mode fibers from 2 to 25 kilometers (1.2 


to 15.5 miles) in length can be drawn from 
one preform. At least one company has re¬ 
ported creating fibers of 160 kilometers (99 
miles), and the frequency with which fiber 
optics companies are currently retooling—as 
often as every eighteen months—suggests 
that still greater innovations lie ahead. These 
advances will be driven in part by the grow¬ 
ing use of optical fibers in computer net¬ 
works, and also by the increasing demand for 
the technology in burgeoning international 
markets such as Eastern Europe, South 
America, and the Far East. 

Where To Learn More 

Books 

Yeh, Chai. Handbook of Fiber Optics. 
Academic Press, 1990. 

Periodicals 

Jungbluth, Eugene D. “How Do They Make 
Those Marvelous Fibers?” Laser Focus 
World. March, 1992, p. 165. 

Ketron, Lisa A. “Fiber Optics: The Ultimate 
Communications Media.” Ceramic Bulletin. 
Volume 66, number 11, 1987, p. 1571. 

Shuford, Richard S. “An Introduction to 
Fiber Optics,” Byte. December, 1984, p. 121. 

Soja, Thomas A. “Worldwide Telecom 
Demand Spurs Fiber Optics Market.” Laser 
Focus World. December, 1992, p. 83. 

Wire Journal International. October, 1992 
(entire issue devoted to fiber optics). 

—Robert C. Miller 
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Paint 


In Boston around 1700, 
Thomas Child built the 
earliest American paint 
mill, a granite trough 
within which a 1.6 foot 
granite ball rolled, 
grinding the pigment. The 
first paint patent was 
issued for a product that 
improved whitewash, a 
water-slaked lime often 
used during the early days 
of the United States. 


Background 

Paint is a term used to describe a number of 
substances that consist of a pigment sus¬ 
pended in a liquid or paste vehicle such as oil 
or water. With a brush, a roller, or a spray 
gun, paint is applied in a thin coat to various 
surfaces such as wood, metal, or stone. 
Although its primary purpose is to protect the 
surface to which it is applied, paint also pro¬ 
vides decoration. 

Samples of the first known paintings, made 
between 20,000 and 25,000 years ago, sur¬ 
vive in caves in France and Spain. Primitive 
paintings tended to depict humans and ani¬ 
mals, and diagrams have also been found. 
Early artists relied on easily available natural 
substances to make paint, such as natural 
earth pigments, charcoal, berry juice, lard, 
blood, and milkweed sap. Later, the ancient 
Chinese, Egyptians, Hebrews, Greeks, and 
Romans used more sophisticated materials to 
produce paints for limited decoration, such as 
painting walls. Oils were used as varnishes, 
and pigments such as yellow and red ochres, 
chalk, arsenic sulfide yellow, and malachite 
green were mixed with binders such as gum 
arabic, lime, egg albumen, and beeswax. 

Paint was first used as a protective coating by 
the Egyptians and Hebrews, who applied 
pitches and balsams to the exposed wood of 
their ships. During the Middle Ages, some 
inland wood also received protective coat¬ 
ings of paint, but due to the scarcity of paint, 
this practice was generally limited to store 
fronts and signs. Around the same time, 
artists began to boil resin with oil to obtain 
highly miscible (mixable) paints, and artists 
of the fifteenth century were the first to add 
drying oils to paint, thereby hastening evapo¬ 


ration. They also adopted a new solvent, lin¬ 
seed oil, which remained the most commonly 
used solvent until synthetics replaced it dur¬ 
ing the twentieth century. 

In Boston around 1700, Thomas Child built 
the earliest American paint mill, a granite 
trough within which a 1.6 foot (.5 meter) 
granite ball rolled, grinding the pigment. 
The first paint patent was issued for a prod¬ 
uct that improved whitewash, a water-slaked 
lime often used during the early days of the 
United States. In 1865 D. P. Flinn obtained a 
patent for a water-based paint that also con¬ 
tained zinc oxide, potassium hydroxide, 
resin, milk, and linseed oil. The first com¬ 
mercial paint mills replaced Child’s granite 
ball with a buhrstone wheel, but these mills 
continued the practice of grinding only pig¬ 
ment (individual customers would then blend 
it with a vehicle at home). It wasn’t until 
1867 that manufacturers began mixing the 
vehicle and the pigment for consumers. 

The twentieth century has seen the most 
changes in paint composition and manufac¬ 
ture. Today, synthetic pigments and stabiliz¬ 
ers are commonly used to mass produce 
uniform batches of paint. New synthetic ve¬ 
hicles developed from polymers such as 
polyurethane and styrene-butadene emerged 
during the 1940s. Alkyd resins were synthe¬ 
sized. and they have dominated production 
since. Before 1930, pigment was ground 
with stone mills, and these were later re¬ 
placed by steel balls. Today, sand mills and 
high-speed dispersion mixers are used to 
grind easily dispersible pigments. 

Perhaps the greatest paint-related advance¬ 
ment has been its proliferation. While some 
wooden houses, stores, bridges, and signs 
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were painted as early as the eighteenth cen¬ 
tury, it wasn’t until recently that mass pro¬ 
duction rendered a wide variety of paints 
universally indispensable. Today, paints are 
used for interior and exterior housepainting, 
boats, automobiles, planes, appliances, fur¬ 
niture, and many other places where protec¬ 
tion and appeal are desired. 

Raw Materials 

A paint is composed of pigments, solvents, 
resins, and various additives. The pigments 
give the paint color; solvents make it easier 
to apply; resins help it dry; and additives 
serve as everything from fillers to antifungi- 
cidal agents. Hundreds of different pig¬ 
ments, both natural and synthetic, exist. The 
basic white pigment is titanium dioxide, se¬ 
lected for its excellent concealing properties. 


and black pigment is commonly made from 
carbon black. Other pigments used to make 
paint include iron oxide and cadmium sulfide 
for reds, metallic salts for yellows and or¬ 
anges, and iron blue and chrome yellows for 
blues and greens. 

Solvents are various low viscosity, volatile 
liquids. They include petroleum mineral spir¬ 
its and aromatic solvents such as benzol, al¬ 
cohols, esters, ketones, and acetone. The 
natural resins most commonly used are lin¬ 
seed, coconut, and soybean oil, while alkyds, 
acrylics, epoxies, and polyurethanes number 
among the most popular synthetic resins. 
Additives serve many purposes. Some, like 
calcium carbonate and aluminum silicate, are 
simply fillers that give the paint body and 
substance without changing its properties. 
Other additives produce certain desired char- 


The first step in making paint in¬ 
volves mixing the pigment with 
resin, solvents, and additives to 
form a paste. If the paint is to be for 
industrial use, it usually is then 
routed into a sand mill, a large 
cylinder that agitates tiny particles 
of sand or silica to grind the pig¬ 
ment particles, making them smaller 
and dispersing them throughout the 
mixture. In contrast, most commer¬ 
cial-use paint is processed in a 
high-speed dispersion tank, in 
which a circular, toothed blade at¬ 
tached to a rotating shaft agitates 
the mixture and blends the pigment 
into the solvent. 
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Paint canning is a completely auto¬ 
mated process. For the standard 8 
pint paint can available to con¬ 
sumers, empty cans are first rolled 
horizontally onto labels, then set up- 
right so that the paint can be 
pumped into them. One machine 
places lids onto the filled cans while 
a second machine presses on the 
lids to seal the cans. From wire that 
is fed into it from coils, a bailometer 
cuts and shapes the handles before 
hooking them into holes precut in 
the cans. 



acteristics in paint, such as the thixotropic 
agents that give paint its smooth texture, dri¬ 
ers, anti-settling agents, anti-skinning agents, 
defoamers, and a host of others that enable 
paint to cover well and last long. 

Design 

Paint is generally custom-made to fit the 
needs of industrial customers. For example, 
one might be especially interested in a fast¬ 
drying paint, while another might desire a 
paint that supplies good coverage over a long 
lifetime. Paint intended for the consumer can 
also be custom-made. Paint manufacturers 
provide such a wide range of colors that it is 
impossible to keep large quantities of each on 
hand. To meet a request for “aquamarine,” 
“canary yellow,” or “maroon,” the manufac¬ 
turer will select a base that is appropriate for 
the deepness of color required. (Pastel paint 
bases will have high amounts of titanium 
dioxide, the white pigment, while darker 
tones will have less.) Then, according to a 


predetermined formula, the manufacturer can 
introduce various pigments from calibrated 
cylinders to obtain the proper color. 

The Manufacturing 
Process 

Making the paste 

1 Pigment manufacturers send bags of fine 
grain pigments to paint plants. There, the 
pigment is premixed with resin (a wetting 
agent that assists in moistening the pigment), 
one or more solvents, and additives to form a 
paste. 

Dispersing the pigment 

2 The paste mixture for most industrial and 
some consumer paints is now routed into 
a sand mill, a large cylinder that agitates tiny 
particles of sand or silica to grind the pig¬ 
ment particles, making them smaller and dis¬ 
persing them throughout the mixture. The 
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mixture is then filtered to remove the sand 
particles. 

3 Instead of being processed in sand mills, 
up to 90 percent of the water-based latex 
paints designed for use by individual home- 
owners are instead processed in a high-speed 
dispersion tank. There, the premixed paste is 
subjected to high-speed agitation by a circu¬ 
lar, toothed blade attached to a rotating shaft. 
This process blends the pigment into the sol¬ 
vent. 

Thinning the paste 

Whether created by a sand mill or a dis¬ 
persion tank, the paste must now be 
thinned to produce the final product. 
Transferred to large kettles, it is agitated with 
the proper amount of solvent for the type of 
paint desired. 

Canning the paint 

The finished paint product is then 
pumped into the canning room. For the 
standard 8 pint (3.78 liter) paint can available 
to consumers, empty cans are first rolled hor¬ 
izontally onto labels, then set upright so that 
the paint can be pumped into them. A ma¬ 
chine places lids onto the filled cans, and a 
second machine presses on the lids to seal 
them. From wire that is fed into it from coils, 
a bailometer cuts and shapes the handles be¬ 
fore hooking them into holes precut in the 
cans. A certain number of cans (usually 
four) are then boxed and stacked before 
being sent to the warehouse. 

Quality Control 

Paint manufacturers utilize an extensive 
array of quality control measures. The ingre¬ 
dients and the manufacturing process un¬ 
dergo stringent tests, and the finished 
product is checked to insure that it is of high 
quality. A finished paint is inspected for its 
density, fineness of grind, dispersion, and 
viscosity. Paint is then applied to a surface 
and studied for bleed resistance, rate of dry¬ 
ing, and texture. 

In terms of the paint’s aesthetic components, 
color is checked by an experienced observer 
and by spectral analysis to see if it matches a 
standard desired color. Resistance of the 
color to fading caused by the elements is de¬ 


termined by exposing a portion of a painted 
surface to an arc light and comparing the 
amount of fading to a painted surface that 
was not so exposed. The paint’s hiding 
power is measured by painting it over a 
black surface and a white surface. The ratio 
of coverage on the black surface to coverage 
on the white surface is then determined, with 
.98 being high-quality paint. Gloss is mea¬ 
sured by determining the amount of reflected 
light given off a painted surface. 

Tests to measure the paint’s more functional 
qualities include one for mar resistance, 
which entails scratching or abrading a dried 
coat of paint. Adhesion is tested by making a 
crosshatch, calibrated to .07 inch (2 millime¬ 
ters), on a dried paint surface. A piece of 
tape is applied to the crosshatch, then pulled 
off; good paint will remain on the surface. 
Scrubbability is tested by a machine that rubs 
a soapy brush over the paint’s surface. A 
system also exists to rate settling. An excel¬ 
lent paint can sit for six months with no set¬ 
tling and rate a ten. Poor paint, however, will 
settle into an immiscible lump of pigment on 
the bottom of the can and rate a zero. 
Weathering is tested by exposing the paint to 
outdoor conditions. Artificial weathering ex¬ 
poses a painted surface to sun, water, ex¬ 
treme temperature, humidity, or sulfuric 
gases. Fire retardancy is checked by burning 
the paint and determining its weight loss. If 
the amount lost is more than 10 percent, the 
paint is not considered fire-resistant. 

Byproducts/Waste 

A recent regulation (California Rule 66) con¬ 
cerning the emission of volatile organic com¬ 
pounds (VOCs) affects the paint industry, 
especially manufacturers of industrial oil- 
based paints. It is estimated that all coatings, 
including stains and varnishes, are responsi¬ 
ble for 1.8 percent of the 2.3 million metric 
tons of VOCs released per year. The new 
regulation permits each liter of paint to con¬ 
tain no more than 250 grams (8.75 ounces) of 
solvent. Paint manufacturers can replace the 
solvents with pigment, fillers, or other solids 
inherent to the basic paint formula. This 
method produces thicker paints that are 
harder to apply, and it is not yet known if 
such paints are long lasting. Other solutions 
include using paint powder coatings that use 
no solvents, applying paint in closed sys- 
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terns from which VOCs can be retrieved, 
using water as a solvent, or using acrylics 
that dry under ultraviolet light or heat. A 
consumer with some unused paint on hand 
can return it to the point of purchase for 
proper treatment. 

A large paint manufacturer will have an in- 
house wastewater treatment facility that 
treats all liquids generated on-site, even 
storm water run-off. The facility is moni¬ 
tored 24 hours a day, and the Environmental 
Protection Agency (EPA) does a periodic 
records and systems check of all paint facili¬ 
ties. The liquid portion of the waste is 
treated on-site to the standards of the local 
publicly owned wastewater treatment facil¬ 
ity; it can be used to make low-quality paint. 
Latex sludge can be retrieved and used as 
fillers in other industrial products. Waste 
solvents can be recovered and used as fuels 
for other industries. A clean paint container 
can be reused or sent to the local landfill. 

Where To Learn More 

Books 

Flick, Ernest W. Handbook of Paint Raw 
Materials , 2nd ed. Noyes Data Corp., 1989. 


Martens, Charles R. Emulsion and Water- 
Soluble Paints and Coatings. Reinhold 
Publishing Company, 1964. 

Morgans, W. M. Outlines of Paint Tech¬ 
nology , 3rd ed. John Wiley & Sons, 1990. 

The Paints and Coatings Industry. Business 
Trend Analysts, 1990. 

Paints and Protective Coatings. Gordon 
Press, 1991. 

Turner, G. P. A. Introduction to Paint Chem¬ 
istry and Principles of Paint Technology, 3rd 
ed. Chapman & Hall, 1988. 

Weismantel, Guy E. Paint Handbook. 
McGraw-Hill, 1981. 

Periodicals 

Levinson, Nancy. “Goodbye, Old Paint.” 
Architectural Record. January, 1992, pp. 42- 
43. 

Scott, Susan. “Painting with Pesticides: the 
Controversial Organoxin Paints.” Sea 
Frontiers. November/December, 1987, pp. 
415-421. 


—Rose Secrest 
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Pantyhose 


Background 

Pantyhose are a form of sheer women’s 
hosiery that extend from the waist to the toes. 
The terms hosiery and stocking derive from 
the Anglo-Saxon words hosa, meaning 
“tight-legged trouser,” and stoka, meaning 
“stump.” When the upper part of a trouser leg 
was cut off, the remaining stoka became 
“stocking,” and hosa became “hosiery.” For 
centuries, sheer stockings and hose were 
worn as separate leg and foot coverings. 
However, after World War II, fashion design¬ 
ers began to attach panties to stockings, creat¬ 
ing the form of hosiery currently favored by 
most women. Although their most basic pur¬ 
pose is to protect and beautify the feet and 
legs of female consumers, nylons are also put 
to other uses, including supporting the legs of 
football players and protecting crops from 
dust storms. Pantyhose have even been recy¬ 
cled in the arts and crafts industry, where they 
are cut up and stuffed with fiberfill to become 
the arms and legs of dolls and stuffed ani¬ 
mals. 

Few early references to women’s hosiery 
exist because any public mention of 
women’s legs was considered improper until 
the twentieth century. The first extant dis¬ 
cussion of a garment resembling today’s 
pantyhose concerns the “tight-fitting hose” 
young Venetian men wore beneath short 
jackets during the fourteenth century. Made 
of silk, these leggings were often brightly 
colored and embroidered; older Venetians 
considered them extremely immodest. One 
of the earliest mentions of women wearing 
stockings appears in the records of Queen 
Elizabeth I, whose “silk woman” presented 
her with a pair of knitted black silk stock¬ 
ings. Admiring their softness and comfort. 


the Queen requested more, and wore only 
silk stockings for the rest of her life. 

In 1589, when the Reverend William Lee at¬ 
tempted to patent the first knitting machine, 
Queen Elizabeth denied his request because, 
she contended, the coarse stockings produced 
by Lee’s machine were inferior to the silk 
hose she had shipped from Spain. Lee im¬ 
proved his machine, enabling it to manufac¬ 
ture softer stockings, but Elizabeth’s 
successor, James I, denied his second patent 
application as well, this time out of fear that 
the machine would endanger the livelihood of 
English hand knitters. After Lee’s death, his 
brother built a framework knitting machine 
that remained unrivalled for several hundred 
years. 

When William Cotton invented the first auto¬ 
mated knitting machine in 1864, he incorpo¬ 
rated the key features of Lee’s design, 
notably the spring-beard needle that is still 
used in many contemporary knitting ma¬ 
chines. Named for the fine, open hook that 
projects from the needle at an angle like that 
of the hair in a man’s beard, the spring-beard 
needle must be used with a pressing device to 
close the hook as it forms a loop. This type 
of needle is ideal for hosiery because it pro¬ 
duces smaller loops and, consequently, a 
finer weave. Cotton’s straight-bar machine 
created flat sheets of fabric using a weft 
stitch whereby a continuous yam was fed to 
needles that sewed back-and-forth horizontal 
rows. By increasing or reducing the number 
of needles used to knit different portions of a 
stocking, workers could vary the thickness of 
the garment: more needles produced thicker 
fabric. Stitching began at the top of the 
stocking with a welt, or thick strip to which 
women could attach garters. To accommo- 


Few early references to 
women's hosiery exist 
because any public 
mention of women's legs 
was considered improper 
until the twentieth century. 
The first extant discussion 
of a garment resembling 
today's pantyhose 
concerns the "tight-fitting 
hose" young Venetian men 
wore during the fourteenth 
century. Made of silk, 
these leggings were often 
brightly colored and 
embroidered; older 
Venetians considered them 
extremely immodest. 
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Nylon is made in a process known 
as "melt spinning." First, a syrupy 
polymer solution is produced and 
then extruded through a spinneret. 
As the nylon strings emerge, they 
are cooled by air and stretched over 
rollers to stabilize the molecular 
chains and strengthen the fibers. 
The yarn is then wound on spools. 

Next, the yarn is fed into a com¬ 
puter-controlled circular knitting 
machine, which uses its 300 to 420 
needles to convert the nylon into a 
series of loops. It takes about 90 
seconds to knit a full-length stocking 
leg. 


date the feet and ankles, the stocking fabric 
was thinned at the bottom, although the fab¬ 
ric at the heel remained thick, for cushioning 
purposes. After it was removed from 
Cotton’s machine, the fabric was manually 
shaped and seamed up the back to produce 
so-called full-fashioned stockings. 

Also produced during the mid-nineteenth 
century, the first seamless stockings were 
made on circular machines that knitted tubes 
of fabric to which separate foot and toe pieces 
were subsequently attached. Although these 
stockings were more attractive in that they 
featured no visible seams, they bagged at the 
knees and ankles because circular machines 
could not add or drop stitches like the Lee and 
Cotton machines. It was not until the World 
War II era that two developments made possi¬ 
ble better-fitting stockings. First, circular 


machines were improved so that they could 
knit stockings in one piece. Still more signif¬ 
icant was the DuPont Company’s invention 
of a synthetic fiber called nylon. After being 
sewn into a tube, nylon fabric could be heated 
and formed into a shape that it would there¬ 
after retain through numerous stretchings and 
washings. Hosiery made from this revolu¬ 
tionary fabric was introduced to the general 
population in 1940, and its immediate popu¬ 
larity soon rendered the word “nylons” syn¬ 
onymous with hosiery. 

However, the war that had accelerated the de¬ 
velopment of nylon also increased the de¬ 
mand for it, so, during the early forties, the 
hosiery industry offered socks instead of 
stockings. The anklet, a short cotton sock, 
became the temporary replacement favored 
by most women, particularly the young con- 
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sumers known as “bobby-soxers.” Yet, when 
the war ended and nylon was once again 
available for consumer uses, most women re¬ 
turned to nylon stockings. During the sixties, 
decreasing skirt lengths necessitated longer 
stockings, and fashion designers created what 
we now know as pantyhose by attaching 
panties to hosiery. In addition to accommo¬ 
dating all hemline fluctuations, pantyhose 
don’t need to be held up with the garters and 
garter belts previously used to secure stock¬ 
ings. Nylons have become a fashion acces¬ 
sory that few women are willing to do 
without. This is especially true in the white- 
collar workforce, where they are considered 
an essential part of appropriate office attire. 

Raw Materials 

Pantyhose are generally made from a nylon- 
based blend of synthetic fibers. The nylon 
most commonly used—Nylon 6,6—is made 
from adipic acid, an organic acid, and hexa- 
methylene diamine, an organic base, which 
are chemically combined to form a nylon 
salt. Because nylon is a plastic material—ac¬ 
tually the first thermoplastic fiber ever 
used—the salt must undergo polymerization. 
In this process, different molecules are com¬ 
bined to form longer molecular chains. These 
chains result in a smooth, thick substance 
that is then cut into small shapes or pellets, 
before being spun into yarn. The nylon 
fiber’s size, strength, weight, elasticity, and 
luster are determined during its preparation 
by controlling the number and type of fila¬ 
ments used. For example, luster is produced 
by adding titanium dioxide (TiCh). The re¬ 
sulting fiber is highly elastic and retains its 
shape after repeated washings and stretch¬ 
ings. Its resistance to wrinkles and creases, 
its durability, and the fact that it dries quickly 
make it a desirable fabric for busy women. 

Today, filaments of another synthetic fiber, 
spandex, are frequently combined with nylon 
filaments to increase elasticity and achieve a 
snugger fit. More recently, other new fibers 
known as microfibers or microdeniers have 
been blended with nylon. A denier is a unit 
of measure that indicates the thickness of 
nylon yam. The denier scale ranges from 7 
to 80 denier, with smaller numbers indicating 
finer yarn and higher numbers denoting 
heavier yarn that will be used to make 
stronger fabrics. When blended with nylon, 


microdeniers enhance softness, hold color 
more evenly, and provide a better fit. 

Design 

Pantyhose are usually classified as sheer, 
semisheer, or service weight, with the weight 
determined by the denier and the number of 
needles used during production.Although 
stockings do not differ in shape, fashion de¬ 
signers will vary the color, texture and pattern 
of their hosiery. Much as the fashion industry 
offers different types of clothing appropriate 
for specific functions and occasions, it de¬ 
signs hosiery tailored to particular purposes. 
For example, heavier knit and natural colored 
pantyhose are considered more practical for 
daytime and office wear while sheer hosiery 
is saved for evening affairs and special occa¬ 
sions. Similarly, darker nylons are generally 
found on retail shelves during the winter, 
while paler shades are displayed in the spring 
and summer. In addition, some designers 
offer hose with extra elastic sewn in to the 
midriff to serve as “tummy control”; still oth¬ 
ers produce nylons with lightweight girdles 
instead of panties. Because nylon does not 
“breathe” well, some manufacturers offer 
hosiery with cotton crotch panels, and both 
toes and heels can be reinforced to deter runs. 

The Manufacturing 
Process 

Making nylon yarn 

1 Nylon yam is made in a process known as 
melt spinning. First, the chemicals in¬ 
volved—adipic acid and hexamethylene di¬ 
amine—must be polymerized to form a thick 
resin that is then cut into chips or pellets. 
These pellets are then heated and pressurized 
in an autoclave into a syrupy solution. Next, 
the solution is extruded through a spin¬ 
neret—a device that looks and works like a 
shower head, with long strings of nylon solu¬ 
tion coming out of the holes in the device. 
The number of holes depends on the type of 
yam desired: one hole produces monofila¬ 
ment yam, which is very thin and sheer; sev¬ 
eral holes produce multifilament yam, which 
is denser and less sheer. As the fibers emerge 
from the spinneret, they are cooled by air and 
then stretched over rollers to stabilize the 
molecular chains and strengthen the fibers. 
The yam is then wound on spools. 
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After the legs are seamed together 
and the toe openings closed, the 
pantyhose garments are immersed 
in a dyeing machine. A modem dye 
machine can color about 3,500 
dozen pairs of hose a day. After 
drying and boarding—steaming 
the hose to the proper shape—the 
garments are ready for packaging. 


DYEING Nylon net 

with knitted 
pantyhose 



Knitting 

2 Yam is fed into a circular knitting ma¬ 
chine, which converts it into a series of 
loops. Usually computer-controlled, the ma¬ 
chine contains 300 to 420 needles and rotates 
at speeds up to 1,200 RPM; it takes about 90 
seconds to knit a full-length stocking leg. 

Seaming 

3 Next, openings at the toes are seamed to¬ 
gether, and two stocking legs are seamed 
together to form pantyhose. Sometimes they 
are seamed together with a crotch. Like the 
other steps in pantyhose manufacture, seam¬ 
ing is almost completely automated. 

Dyeing and drying 

The sewn product then goes to a dye ma¬ 
chine where it will be dyed to one of 
more than 100 different shades. The dye ma¬ 
chine can color about 3,500 dozen pairs a 
day. Once dyed, the pantyhose are taken to a 
compartment dryer which dries them. 

Boarding 

This next step, boarding, is sometimes 
done before the dyeing process, depend¬ 
ing on the desired final product. Boarding is 
the process of placing the pantyhose over leg 


forms where they are steamed and heated to 
the desired shape. With less expensive 
hosiery, this step may be completely by¬ 
passed and the pantyhose packaged in their 
relaxed state. 

Inspecting 

6 Throughout the manufacturing process, 
quality checks are performed on the 
pantyhose. A statistical method is used for 
inspection. 

Packaging 

7 Pantyhose that meet the inspection guide¬ 
lines are packaged in a box or paperboard 
envelope, either manually or automatically. 

Filling orders: Picking and shipping 

8 After they leave the manufacturing plant, 
the pantyhose are stored in warehouses 
and organized according to size, style, and 
color for efficient order-filling. Customer or¬ 
ders are filled by personnel at various “pick¬ 
ing” stations positioned alongside a conveyor 
belt that carries the filled cases to a staging 
area for final shipping to retail markets. 

Byproducts/Waste 

The hosiery industry must confront the prob¬ 
lems all textile mills face in producing a fab¬ 
ric. In particular, hosiery mills must treat the 
wastewater generated during the dyeing 
phase to prevent contamination. Many of the 
dyes used to tint pantyhose contain toxic sub¬ 
stances such as ammonium sulfate. To mini¬ 
mize harmful wastewater, manufacturers 
must adhere to guidelines set by the U.S. gov¬ 
ernment’s Environmental Protection Agency 
(EPA). Treating the water before it is dumped 
into rivers has alleviated some of the waste- 
water concerns. Another approach has been 
to control the amounts of various chemicals 
used during the manufacturing process. 
Failure to measure chemicals properly can 
create an over-abundance of some of the ma¬ 
terials, thereby causing harmful waste. A 
third idea has been to substitute less harmful 
chemicals when possible. 

The Future 

The hosiery industry currently produces al¬ 
most 2 billion pairs of women’s sheer hose 
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annually. Industry analysts predict that con¬ 
sumers will continue to demand high-quality 
nylons in a variety of shades, styles, and de¬ 
grees of sheemess. Manufacturers will strive 
to meet the consumer’s need by experiment¬ 
ing with hybrid fabrics that combine synthetic 
fibers with natural fibers such as cotton. 

Where To Learn More 

Books 

Corbman, Bernard P. Textiles: Fiber to 
Fabric, 6th ed. McGraw-Hill, 1983. 

Farrell, Jeremy. Socks and Stockings. Drama 
Book Publishers, 1992. 


Grass, Milton N. History of Hosiery. Fair- 
child Publications, 1955. 

Wingate, Isabel B. and June F. Mohler. 
Textile Fabrics and Their Selection, 8th ed. 
Prentice-Hall, Inc. 1984. 

Pamphlets 

National Association of Hosiery 
Manufacturers. Hosiery, The Opportunity 
Industry. 

—Catherine Kolecki 
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Around 1925, peanut 
butter was sold from an 
open tub, with half an inch 
of oil on the surface. 
While the paste was sticky 
and produced 
considerable thirst, 
consumers were ready for 
such an economical and 
nutritious staple. 


Background 

Wild peanuts originated in Bolivia and north¬ 
eastern Argentina. The cultivated species, 
Arachis hypogaea, was grown by Indians in 
pre-Columbian times. The peanut plant is a 
vinelike plant whose flowerstalks wither and 
bow to the ground after fertilization, burying 
the young pods, which come to maturity un¬ 
derground. 

Peanuts were introduced to the United States 
from Africa, but were not considered a staple 
crop until the 1890s, when they were pro¬ 
moted as a replacement for the cotton crop 
destroyed by the boll weevil. 

The three types of domestic peanuts are the 
Virginia, Spanish, and Runner-type peanuts. 
It is mostly the Runner-type peanuts, grown 
in Alabama, Florida, and Georgia, that are 
used in the manufacture of peanut butter. 
While Runner peanuts offer a higher yield, 
they also require more moisture than the 
Spanish or Virginia peanuts. 

Around the end of the seventeenth century, 
Haitians made peanut butter by using a heavy 
wood mortar and a wood pestle with a metal 
cap. The mortar—featuring a metal bottom 
and weighing about 20 pounds—and the 5- 
pound pestle were used to pound the peanuts 
into a paste. During the nineteenth century in 
the United States, shelled, roasted peanuts 
were chopped or pounded into a creamy paste 
in a cloth bag and eaten fresh. American 
botanist and inventor George Washington 
Carver experimented with soybeans, sweet 
potatoes, and other crops, eventually deriving 
300 products from the peanut alone—among 
the most notable was peanut butter. 


A physician in St. Louis, Missouri started 
manufacturing peanut butter commercially in 
1890. Featured at the St. Louis World’s Fair 
as a health food, peanut butter was recom¬ 
mended for infants and invalids because of 
its high nutritional value. Sanitariums, par¬ 
ticularly one in Battle Creek, Michigan, used 
it for their patients because of its high protein 
content. 

Around 1925, peanut butter was sold from an 
open tub, with half an inch of oil on the sur¬ 
face. While the paste was sticky and pro¬ 
duced considerable thirst, consumers were 
ready for such an economical and nutritious 
staple. 

Realizing that the financial rewards from pig 
feed were beginning to dwindle, farmers 
began investing in the new cash crop. Thus, 
with increased harvest and availability of 
peanuts, the development and production of 
peanut butter grew. Most recently, peanut 
butter has been used primarily as a sandwich 
spread, although it also appears in prepared 
dishes and confections. 

Originally, the process of peanut butter man¬ 
ufacturing was entirely manual. Until about 
1920, the peanut farmer shelled the seed by 
hand, cultivated by hand hoeing about four 
times, and plowed with a single furrow plow, 
also four times. The farmer dug the vines 
with a single row plow, manually stacked the 
vines in the field for drying, and then hand¬ 
picked the nuts or beat them from the vines. 
A mule, a plow, and two hoes were all that 
was needed as far as peanut cultivation 
equipment was concerned. To produce 
peanut butter, small batches of peanuts were 
roasted, blanched, and ground as needed for 
sale or consumption. Salt and/or sugar was 
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added upon request, and the product was 
eaten fresh. Mechanized cultivation and har¬ 
vesting increased the yield of the harvest. 
Milling plants became larger, and consump¬ 
tion soared. 


Raw Materials 

The peanut, rich in fat, protein, vitamin B, 
phosphorus, and iron, has significant food 
value. In its final form, peanut butter con¬ 
sists of about 90 to 95 percent carefully se¬ 
lected, blanched, dry-roasted peanuts, 
ground to a size to pass through a 200-mesh 
screen. To improve smoothness, sprcadabil- 
ity and flavor, other ingredients are added, 
including include salt (1.5 percent), hydro¬ 
genated vegetable oil (0.125 percent), dex¬ 
trose (2 percent), and coni syrup or honey (2 
to 4 percent). To enhance peanut butter’s nu¬ 
tritive value, ascorbic acid and yeast are also 
added. The amounts of other ingredients can 
vary as long as they do not add up to more 
than 10 percent of the peanut butter. Peanut 
butter contains 50 to 52 percent fat, 28 to 29 
percent protein, 2 to 5 percent carbohydrate, 
and 1 to 2 percent moisture. 


The Manufacturing 
Process 


Planting and harvesting peanuts 

1 Peanuts are planted in April or May, de¬ 
pending upon the climate. The peanut 
emerges as a plant followed by a yellow 
flower. After blooming and then wilting, the 
flower bends over and penetrates the soil. 
The peanut is formed underground. Peanuts 
are harvested beginning in late August, but 
mostly in September and October, during 
clear weather, when the soil is dry enough so 
it will not adhere to the stems and pods. The 
peanuts are removed from vines by portable, 
mechanical pickers and transported to a 
peanut sheller for mechanical drying. 

2 Peanuts from the pickers are delivered to 
warehouses for cleaning. Blowers remove 
dust, sand, vines, stems, leaves, and empty 
shells. Screens, magnets, and size graders re¬ 
move trash, metal, rocks, and clods. After the 
cleaning process, the peanuts weigh 10 to 20 
percent less. The raw, cleaned peanuts are 
stored unshelled in silos or warehouses. 


F or George Washington Corver, peanuts were a means to several ends. 

Throughout his career Carver searched lor ways to make small Southern 
family farms, often African-American owned, self-sufficient Carver's popular¬ 
ization of peanuts and peanut products was part dI his effort io free small 
farmers from dependence on commercial products and debt It wos also pa»i 
of his effort to woan farmors away from the annual production of soil depict 
ing staple crops like cotton and tobacco Corver's list of peanut products— 
from peanut milk and makeup to paint ond soap—represented a wide range 
of household activities 

Corver's interest in peanuts began In the mieM9K)a, after he hod pursued 
much research and education about other crops, especially sweet potatoes 
A well-organized peanut industry lobby heard of Carver's work and capital¬ 
ized on their mutual interest in the promotion of peanuts Carver became the 
unofficial spokesman and publicist for the industry, especially after his 1921 
appearance at loriffs heorlngs conducted by the U S. House of 
Representatives' Ways and Means Committee Facing alternatively bemused 
and hostile questioning from legislators, the African-American scientist elo¬ 
quently and humorously explained the social, economic, ond nutritional ben¬ 
efits of the domestic cultivation and consumption of peanub. What evolved 
into o lunchtime favorite For kids was thrust into nationol prominence through 
one industry's search for growth ond one man's search for economic inde¬ 
pendence for his people. 

William S. Pretzel 


Shelling and processing 

3 Shelling consists of removing the shell 
(or hull) of peanuts with the least damage 
to the seed or kernels. The moisture of the 
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The first several steps in peanut but¬ 
ter manufacture involve processing 
the main ingredient: the peanuts. 
After harvesting, the peanuts are 
cleaned, shelled, and graded for 
size. Next, they are dry roasted in 
large ovens, and then they are 
transferred to cooling machines, 
where suction fans draw cooling air 
over the peanuts. 


unshelled peanuts is adjusted to avoid exces¬ 
sive brittleness of the shells and kernels and 
to reduce the amount of dust in the plant. The 
size-graded peanuts are passed between a se¬ 
ries of rollers adjusted to the variety, size, 
and condition of the peanuts, where the 
peanuts are cracked. The cracked peanuts 
then repeatedly pass over screens, sleeves, 
blowers, magnets, and destoners, where they 
are shaken, gently tumbled, and air blown, 
until all the shells and other foreign material 
(rocks, mudballs, metal, shrivels) are re¬ 
moved. 

The shelled peanuts are graded for size in 
a size grader. The peanuts are lifted and 
then oriented on the perforations of the size 
grader. The larger peanuts (the “overs”) are 
sent to one trough, while the “troughs” are 
guided towards another trough. The peanuts 


are then graded for color, defects, spots, and 
broken skins. 

The peanuts are shipped in large bulk 
containers or sacks to peanut butter man¬ 
ufacturers. (Inedible peanuts are diverted as 
oil stock in semibulk form.) To ensure proper 
size and grading, the truckloads transporting 
peanuts to peanut manufacturers are sampled 
mechanically. The sampler, testing two 
truckloads simultaneously, can quickly and 
accurately assess size and grading by exam¬ 
ining 10 samples per truckload. 

If edible peanuts need to be stored for more 
than 60 days, they are placed in refrigerated 
storage at 34 to 40 degrees Fahrenheit (2 to 6 
degrees Celsius), where they may be held for 
as long as 25 months. Shelled, the remaining 
peanuts weigh 30 to 60 percent less, occupy 
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60 to 70 percent less space, and have a shelf 
life about 60 to 75 percent shorter than un¬ 
shelled peanuts. 

Making peanut butter 

6 The peanut butter manufacturers first dry 
roast the peanuts. Dry roasting is done by 
either the batch or continuous method. In the 
batch method, peanuts are roasted in 400- 
pound lots in a revolving oven heated to 
about 800 degrees Fahrenheit (426.6 degrees 
Celsius). The peanuts are heated at 320 de¬ 
grees Fahrenheit (160 degrees Celsius) and 
held at this temperature for 40 to 60 minutes 
to reach the exact degree of doneness. All the 
nuts in each batch must be uniformly roasted. 

Large manufacturers prefer the continuous 
method, in which peanuts are fed from the 
hopper, roasted, cooled, ground into peanut 
butter and stabilized in one operation. This 
method is less labor-intensive, creates a more 
uniform roasting, and decreases spillage. 
Still, some operators believe that the best 
commercial peanut butter is obtained by 
using the batch method. Since peanut butter 
may call for a blending of peanuts, the batch 
method allows for the different varieties to 
be roasted separately. Furthermore, since 
peanuts frequently come in lots of different 
moisture content which may need special at¬ 


tention during roasting, the batch method can 
also meet these needs readily. The steps out¬ 
lined below apply to peanut butter manufac¬ 
turing that uses the batch method of roasting. 

Cooling and blanching 

7 A photometer indicates when the cook¬ 
ing is complete. At the exact time cook¬ 
ing is completed, the roasted peanuts are 
removed from heat as quickly as possible in 
order to stop cooking and produce a uniform 
product. The hot peanuts then pass from the 
roaster directly to a perforated metal cylinder 
(or blower-cooler vat), where a large volume 
of air is pulled through the mass by suction 
fans. The peanuts are brought to a tempera¬ 
ture of 86 degrees Fahrenheit (30 degrees 
Celsius). Once cooled, the peanuts pass 
through a gravity separator that removes for¬ 
eign materials. 

8 The skins (or seed coats) are now re¬ 
moved with either heat or water. The heat 
blanching method has the advantage of re¬ 
moving the hearts of the peanuts, which con¬ 
tain a bitter principle. 

Heat blanching: Depending on the variety 
and degree of doneness desired, the peanuts 
are exposed to a temperature of 280 degrees 
Fahrenheit (137.7 degrees Celsius) for up to 
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After the peanuts are roasted and 
cooled, they undergo blanching— 
removal of the skins by heat or 
water. The heat method has the ad¬ 
vantage of removing the bitter heart 
of the peanut. Next, the blanched 
peanuts are pulverized and ground 
with salt, dextrose, and hydro¬ 
genated oil stabilizer in a grinding 
machine. After cooling, the peanut 
butter is ready to be packaged. 


3 23 





How Products Are Made, Volume 1 


20 minutes to loosen and crack the skins. 
After cooling, the peanuts are passed through 
the blancher in a continuous stream and sub¬ 
jected to a thorough but gentle rubbing be¬ 
tween brushes or ribbed rubber belting. The 
skins are rubbed off, blown into porous bags, 
and the hearts are separated by screening. 

Water blanching : A newer process than heat 
blanching, water blanching was introduced in 
1949. While the kernels are not heated to de¬ 
stroy natural antioxidants, drying is necessary 
in this process and the hearts are retained. The 
first step is to arrange the kernels in troughs, 
then roll them between sharp stationary 
blades to slit the skins on opposite sides. The 
skins are removed as a spiral conveyor carries 
the kernels through a one-minute scalding 
water bath and then under an oscillating can¬ 
vas-covered pad, which rubs off their skins. 
The blanched kernels are then dried for at 
least six hours by a current of 120 degrees 
Fahrenheit (48.8 degrees Celsius) air. 

9 The blanched nuts are mechanically 
screened and inspected on a conveyor belt 
to remove scorched and rotten nuts or other 
undesirable matter. Light nuts are removed by 
blowers, discolored nuts by a high-speed elec¬ 
tric color sorter, and metal parts by magnets. 

Grinding 

Most of the devices used for grinding 
peanuts into butter are built so they 
can be adjusted over a wide range—permit¬ 
ting the variation in the quantity of peanuts 
ground per hour, the fineness of the product, 
and the amount of oil freed from the peanuts. 
Most grinding mills also have an automatic 
feed for peanuts and salt, and are easy to 
clean. To prevent overheating, grinding mills 
are cooled by a water jacket. 

Peanut butter is usually made by two grind¬ 
ing operations. The first reduces the nuts to a 
medium grind and the second to a fine, 
smooth texture. For fine grinding, clearance 
between plates is about .032 inch (.08 cen¬ 
timeter). The second milling uses a very 
high-speed comminutor that has a combina¬ 
tion cutting-shearing and attrition action and 
operates at 9600 rpm. This milling produces 
a very fine particle with a maximum size of 
less than 0.01 inch (.025 centimeter). 

To make chunky peanut butter, peanut pieces 
approximately the size of one-eighth of a 


kernel are mixed with regular peanut butter, 
or incomplete grinding is used by removing a 
rib from the grinder. 

At the same time the peanuts are fed into the 
grinder to be milled, about 2 percent salt, 
dextrose, and hydrogenated oil stabilizer are 
fed into the grinder in a continuous, horizon¬ 
tal operation, with about plus or minus 2 per¬ 
cent accuracy, and are thoroughly dispersed. 

Peanuts are kept under constant pres¬ 
sure from the start to the finish of the 
grinding process to assure uniform grinding 
and to protect the product from air bubbles. 
A heavy screw feeds the peanuts into the 
grinder. This screw may also deliver the 
deaerated peanut butter into containers in a 
continuous stream under even pressure. 
From the grinder, the peanut butter goes to a 
stainless steel hopper, which serves as an in¬ 
termediate mixing and storage point. The sta¬ 
bilized peanut butter is cooled in this rotating 
refrigerated cylinder (called a votator), from 
170 to 120 degrees Fahrenheit (76.6 to 48.8 
degrees Celsius) or less before it is packaged. 

Packaging 

The stabilized peanut butter is auto¬ 
matically packed in jars, capped, and 
labeled. Since proper packaging is the main 
factor in reducing oxidation (without oxygen 
no oxidation can occur), manufacturers use 
vacuum packing. After it is put into final 
containers, the peanut butter is allowed to re¬ 
main undisturbed until crystallization 
throughout the mass is completed. Jars are 
then placed in cartons and placed in product 
storage until ready to be shipped out to retail 
or institutional customers. 

Quality Control 

Quality control of peanut butter starts on the 
farm through harvesting and curing, and is 
then carried through the steps of shelling, 
storing, and manufacturing the product. All 
these steps are handled by machines. While 
complete mechanical harvesting, curing, and 
shelling may have some disadvantages, the 
end result is a brighter, cleaner, and more 
uniform peanut crop. 

In the United States, strict quality control has 
been maintained on peanuts for many years 
with cooperation and approval from both the 
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U.S. Department of Agriculture (USDA) and 
the Food and Drug Administration (FDA). 
Quality control is handled by the Peanut 
Administrative Committee, which is an arm 
of the USDA. Raw peanut responsibility 
rests with the Department of Agriculture. 
During and after manufacture, quality con¬ 
trol is under the supervision of the FDA. 

In its definition of peanut butter, the FDA 
stipulates that seasoning and stabilizing in¬ 
gredients must not “exceed 10 percent of the 
weight of the finished food.” Furthermore, 
the FDA states that “artificial flavorings, arti¬ 
ficial sweeteners, chemical preservatives, 
added vitamins, and color additives are not 
suitable ingredients of peanut butter.” A 
product that does not conform to the FDA’s 
standards must be labeled “imitation peanut 
butter.” 

Byproducts 

Peanut vines and leaves are used for feed for 
cattle, sheep, goats, horses, mules, and other 
livestock because of high nutritional value. 
Peanut shells accumulate in great quantities 
at shelling plants. They contain stems, peanut 
pops, immature nuts and dirt. These shells 
are used mainly for fuel for the boiler gener¬ 
ating steam for making electricity to operate 
the shelling plant. Limited markets exist for 
peanut shells for roughage in cattle feed, 
poultry litter, and filler in artificial fire logs. 
Potential additional uses are pet litter, mush- 
room-growing medium, and floor-sweeping 
compounds. 

The Future 

In the United States and most of the 53 
peanut-producing countries in the world, the 
production and consumption of peanuts, in¬ 
cluding peanut butter, is increasing. The 
quality of peanuts continues to improve to 


meet higher standards. The convenience 
peanut butter offers its users and its high nu¬ 
tritional value meet the demands of contem¬ 
porary lifestyles. 

The use of peanuts as food is being intro¬ 
duced to remote parts of the world by 
American ambassadors, missionaries and 
Peace Corps volunteers. Some developing 
countries, understanding that their food pro¬ 
tein scarcity will not be solved through ani¬ 
mal proteins alone, are interested in growing 
the protein-rich peanut crop. 

Where To Learn More 

Books 

Coyle, L. Patrick, Jr. The World Ency¬ 
clopedia of Food. Facts on File, 1982. 

Erlbach, Arlene. Peanut Butter. Lemer Pub¬ 
lications, 1993. 

Lapedes, Daniel, ed. McGraw Hill Ency¬ 
clopedia of Food, 4th ed: Agriculture and 
Nutrition. McGraw-Hill, 1977. 

Woodroof, Jasper Guy, ed. Peanuts: 
Production, Processing, Products. Avi 
Publishing Company, 1983. 

Zisman, Honey. The Great American Peanut 
Butter Book: A Book of Recipes, Facts, 
Figures, and Fun. St. Martin’s Press, 1985. 

Periodicals 

“The Nuttiest Peanut Butter.” Consumer 
Reports. September, 1990, p. 588. 

“PBTV.” Environment. November, 1987, p. 
23. 

—Eva Sideman 
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The hardness of a pencil is 
designated by numbers or 
letters. Most manufacturers 
use the numbers I to 4, 
with 1 being the softest 
and making the darkest 
mark. Number 2 pencils 
(medium soft) are used for 
normal writing. Pencils are 
also sometimes graded by 
letters, from 6B, the softest, 
to 9H, the hardest. 


Background 

One of the oldest and most widely used writ¬ 
ing utensils, the pencil originated in pre-his- 
toric times when chalky rocks and charred 
sticks were used to draw on surfaces as var¬ 
ied as animal hides and cave walls. The 
Greeks and Romans used flat pieces of lead 
to draw faint lines on papyrus, but it was not 
until the late 1400s that the earliest direct an¬ 
cestor of today’s pencil was developed. 
About one hundred years later graphite, a 
common mineral occurring as soft, lustrous 
veins in rocks, was discovered near 
Borrowdale in northwestern England. The 
Borrowdale mine supplied Europe with 
graphite for several hundred years; however, 
because people could not then differentiate 
between graphite and lead, they referred to 
the former as “black lead.” Cut into rods or 
strips, graphite was heavily wrapped in twine 
to provide strength and a comfortable handle. 
The finished product, called a lead pencil, 
was quite popular. In the late sixteenth cen¬ 
tury, a method for gluing strips of wood 
around graphite was discovered in Germany, 
and the modem pencil began to take form. In 
1779, scientists determined that the material 
they had previously thought was lead was ac¬ 
tually a form of microcrystalline carbon that 
they named graphite (from the Greek 
“graphein” meaning “to write”). Graphite is 
one of the three natural forms of pure car¬ 
bon—the others are coal and diamond. 

In the late eighteenth century the Borrowdale 
mine was depleted, and, as graphite was now 
less plentiful, other materials had to be 
mixed with it to create pencils. A Frenchman 
chemist, Nicolas Jacques Conte, discovered 
that when powdered graphite, powdered 
clay, and water were mixed, molded, and 


baked, the finished product wrote as 
smoothly as pure graphite. Conte also dis¬ 
covered that a harder or softer writing core 
could be produced by varying the proportion 
of clay and graphite—the more graphite, the 
blacker and softer the pencil. In 1839, Lothar 
von Faber of Germany developed a method 
of making graphite paste into rods of the 
same thickness. He later invented a machine 
to cut and groove the pencil wood. 
Following the depletion of the once-abun- 
dant graphite source at Borrowdale, other 
graphite mines were gradually established 
around the world. 

A number of these mines were set up in the 
United States, and the first American pencils 
were manufactured in 1812, after the War of 
1812 ended English imports. William 
Monroe, a cabinet maker in Concord, 
Massachusetts, invented a machine that cut 
and grooved wood slats precisely enough to 
make pencils. Around that time, American 
inventor Joseph Dixon developed a method 
of cutting single cedar cylinders in half, plac¬ 
ing the graphite core in one of the halves, and 
then gluing the two halves back together. In 
1861, Eberhard Faber built the United States’ 
first pencil-making factory in New York City. 

Today, the hardness of a pencil is designated 
by numbers or letters. Most manufacturers 
use the numbers 1 to 4, with 1 being the soft¬ 
est and making the darkest mark. Number 2 
pencils (medium soft) are used for normal 
writing. Pencils are also sometimes graded 
by letters, from 6B, the softest, to 9H, the 
hardest. The idea of attaching an eraser to a 
pencil is traced to Hyman W. Lipman, an 
American whose 1858 U.S. patent was 
bought by Joseph Rechendorfer in 1872 for a 
reported $100,000. 
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EXTRUDING GRAPHITE 



The first step in pencil manufacture 
involves making the graphite core. 
One method of doing this is extru¬ 
sion, in which the graphite mixture 
is forced through a die opening of 
the proper size. 


In addition to the conventional wood pencil, 
a number of other pencils are widely used. In 
the early 1880s, the search for a pencil that 
didn’t require sharpening led to the invention 
of what has variously been termed the auto¬ 
matic, propelling, or repeating pencil. These 
instruments have a metal or plastic case and 
use leads similar to those found in wood 
cased pencils. The lead, lodged in a metal 
spiral inside the case, is held in place by a rod 
with a metal stud fastened to it. When the 
cap is twisted, the rod and stud move down¬ 
ward in the spiral, forcing the lead toward the 
point. The early twentieth century saw the 
development of colored pencils in which the 
graphite core was replaced by a combination 
of pigments or dyes and a binder. Today, 
colored pencils are available in more than 70 
colors, with 7 different yellows and 12 dif¬ 
ferent blues. However, the cedar-casing lead 
pencil—manufactured at a pace of 6 billion 
per year in 40 different countries—continues 
to outsell all of its competitors, including the 
ballpoint pen. 

Raw Materials 

The most important ingredient in a pencil is 
the graphite, which most people continue to 
call lead. Conte’s method of combining 
graphite with clay is still used, and wax or 
other chemicals are sometimes added as 
well. Virtually all graphite used today is a 
manufactured mixture of natural graphite and 
chemicals. 

The wood used to manufacture pencils must 
be able to withstand repeated sharpening and 
cut easily without splintering. Most pencils 


are made from cedar (specifically, California 
cedar), the choice wood for many years. 
Cedar has a pleasant odor, does not warp or 
lose its shape, and is readily available. Some 
pencils have erasers, which are held on with 
a ferrule, a metal case that is either glued or 
held on with metal prongs. The erasers 
themselves consist of pumice and rubber. 

The Manufacturing 
Process 

Now that most commercially used graphite is 
made in factories rather than mined, manu¬ 
facturers are able to easily control its density. 
The graphite is mixed with clay according to 
the type of pencil being made—the more 
graphite used, the softer the pencil, and the 
darker its line. For colored pencils, pigments 
are added to the clay, and virtually no 
graphite is used. 

Processing the graphite 

I Two methods are used to form the 
graphite into its finished state. The first is 
an extrusion method in which the graphite 
and wax mixture is forced through a mold to 
create a spaghetti-like string, which is then 
cut to precise measurements and dried in 
ovens. In the second method, the graphite 
and clay mixture is poured into a machine 
called a billet press. A plug is placed over 
the top of the press, and a metal ram ascends 
from the bottom to squash the mixture into a 
hard, solid cylinder called a “billet.” The bil¬ 
let is then removed from the top of the ma¬ 
chine and placed into an extrusion press that 
forces it through a mold, slicing off strips the 
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To make die wood casings for the 
pencils, square slats are formed, 
and then grooves are cut into the 
slats. Next, graphite sticks are in¬ 
serted into the grooves on one slat, 
and then a second slat with empty 
grooves is glued on top of the 
graphite-filled slat. Correctly sized 
pencils are cut out of the sandwich, 
and the eraser and metal ferrule are 
attached. 


MAKING WOOD CASINGS 


Slats 





Sandwich 




size of the pencil core. After being cut to 
size, the cores pass along a conveyor belt and 
are collected in a trough to await insertion in 
the pencil wood. 

Making the wood casings 

2 The cedar usually arrives at the factory 
already dried, stained, and waxed, to pre¬ 
vent warping. Logs are then sawed into nar¬ 
row strips called “slats”; these are about 7.25 
inches (18.4 centimeters) long, .25 inch (.635 
centimeter) thick, and 2.75 inches (6.98 cen¬ 
timeters) wide. The slats are placed into a 
feeder and dropped, one-by-one, onto a con¬ 
veyor belt which moves them along at a con¬ 
stant rate. 

3 The slats are then planed to give them a 
flat surface. Next, they pass under a cut¬ 
ter head that makes parallel semicircular 
grooves—one half as deep as the graphite is 
thick—along the length of one side of each 
slat. Continuing along the conveyor belt, half 


of the slats are coated with a layer of glue, 
and the cut graphite is laid in the grooves of 
these slats. 

4 The slats without glue—and without 
graphite in the grooves—are placed on 
another belt that carries them to a machine 
that picks them up and turns them over, so 
they are laying on the belt with the grooves 
facing down. The two conveyor belts then 
meet, and each unglued slat is placed over a 
slat with glue and graphite, forming a sand¬ 
wich. After the sandwiches have been re¬ 
moved from the conveyor belt, they are 
placed into a metal clamp and squeezed by a 
hydraulic press and left clamped together 
until the glue is dried. When the pencils are 
dried, the ends are trimmed to remove excess 
glue. 

Shaping the pencils 

The next step is shaping, when the sand¬ 
wiches actually become pencils. The 
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sandwiches are placed on a conveyor belt 
and moved through two sets of cutters, one 
above and one below the belt. The cutters 
above the sandwiches cut around the top 
half, while the lower set cuts around the bot¬ 
tom half and separates the finished pencils. 
The majority of pencils are hexagonal, so de¬ 
signed to keep the pencils from rolling off 
surfaces; a single sandwich yields six to nine 
hexagonal pencils. 

Final steps 

6 After the pencils have been cut, their sur¬ 
faces are smoothed by sanders, and var¬ 
nish is applied and dried. This is done with 
varnishing machines, in which the pencils 
are immersed in a vat of varnish and then 
passed through a felt disk, which removes 
the excess varnish. After drying, the pencils 
are put through the process again and again 
until the desired color is achieved. Finally, 
the pencils receive a finishing coat. 

7 The pencils once again are sent on a con¬ 
veyor belt through shaping machines, 
which remove any excess varnish that has ac¬ 
cumulated on the ends of the pencils. This 
step also ensures that all of the pencils are the 
same length. 

8 Erasers are then attached, held to the pen¬ 
cil by a round, metal case called a “fer¬ 
rule.” The ferrule first attaches to the pencil 
either with glue or with small metal prongs, 
and then the eraser is inserted and the ferrule 
clamped around it. In the final step, a heated 
steel die presses the company logo onto each 
pencil. 

Colored pencils 

Colored pencils are produced in much the 
same way as black-writing pencils, except 
that their cores contain coloring materials 
such as dyes and pigments instead of 
graphite. First, clay and gum are added to 
pigment as bonding agents, and then the mix¬ 
ture is soaked in wax to give the pencils 


smoothness. When the pencils have been 
formed, the outsides are painted according to 
the color of the center mixture. 

Quality Control 

Because they travel along a conveyor belt 
during the manufacturing process, pencils 
are thoroughly scrutinized before they are 
distributed to the public. Workers are trained 
to discard pencils that appear dysfunctional, 
and a select number are sharpened and tested 
when the process is complete. A common 
problem is that the glue of the sandwiches 
sometimes doesn’t adhere, but this nuisance 
is usually caught when the sandwiches are 
being cut. 

Where To Learn More 

Books 

Fischler, George. Fountain Pens and 
Pencils. Schiffer Publishing, 1990. 

Petroski, Henry. The Pencil: A History of 
Design and Circumstance. Knopf, 1990. 

Thomson, Ruth. Making Pencils. Franklin 
Watts, 1987. 

Periodicals 

Leibson, Beth. “A Low-Tech Wonder.” 
Reader’s Digest. July, 1992, p. 92. 

Lord, Lewis J. “The Little Artifact that 
Could.” U.S. News & World Report. January 
22, 1990, p. 63. 

Sprout, Alison. “Recycled Pencil.” Fortune. 
June 15, 1992, p. 113. 

Urbanski, Al. “Eberhard Faber: the Man, the 
Pencil, the Born-Again Marketing 
Company.” Sales & Marketing Management. 
November, 1986, p. 44. 

—Jim Acton 
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All attempts at pest control 
were pretty much 
individual affairs until the 
1840s, when a North 
American fungus called 
powdery mildew invaded 
Britain, and the epidemic 
was controlled with large- 
scale applications of sulfur. 
The Colorado beetle in the 
western United States was 
the next target: by 1877 
western settlers had 
learned to protect their 
potato crop by using 
water-insoluble chemicals 
such as paris green. 


Background 

The word “pesticide” is a broad term that 
refers to any device, method, or chemical that 
kills plants or animals that compete for hu¬ 
manity’s food supply or are otherwise unde¬ 
sirable. Pesticides include insecticides, 
fungicides, herbicides, nematocides (used to 
kill nematodes, elongated cylindrical worms), 
and rodenticides. Of these various pesticides, 
insecticides have a longer and more notewor¬ 
thy history, perhaps because the number of 
insects labeled “pests” greatly exceeds the 
number of all other plant and animal “pests” 
combined. Hence, this article focuses on the 
use of agricultural insecticides. 

Since they first began cultivating crops 
(around 7000 b.c.) if not before, humans have 
devised methods to prevent insects from eat¬ 
ing or otherwise destroying precious crops. 
Some cultures relied on the practice of plant¬ 
ing during certain phases of the moon. Other 
early agricultural practices that indirectly 
kept insect populations low were rotating 
crops; planting small, varied crops; and se¬ 
lecting naturally resistant plants. People 
picked bugs off plants by hand and made 
noise to ward off grasshoppers. Chemicals 
were also used early on. The crushed petals 
of the pyrethrum (a type of chrysanthemum), 
sulfur, and arsenic were used in the Middle 
East, Rome, and China, respectively. The 
Chinese also used natural predators such as 
ants to eat undesirable insects. 

All attempts at pest control were pretty much 
individual affairs until the 1840s, when a 
North American fungus called powdery 
mildew invaded Britain, and the epidemic 
was controlled with large-scale applications 
of sulfur. The Colorado beetle in the western 


United States was the next target: by 1877 
western settlers had learned to protect their 
potato crop by using water-insoluble chemi¬ 
cals such as paris green. Other pesticides 
such as derria, quassia, and tar oil followed, 
but nineteenth-century pesticides were weak. 
They had to be supplemented by introducing 
natural predators, or, in some cases, by graft¬ 
ing threatened plants onto more resistant 
rootstock. 

By World War II, only about 30 pesticides 
existed. Research during the war yielded 
DDT (dichloro-diphenyl-trichloro-ethane), 
which had been synthesized in 1874 but 
wasn’t recognized as an insecticide until 
1942. Other strong pesticides soon followed, 
such as chlordane in 1945 and endrin in 
1951. Poison gas research in Germany 
yielded the organophosphorus compounds, 
the best known of which is parathion. These 
new pesticides were very strong. Further re¬ 
search yielded hundreds of organophospho¬ 
rus compounds, the most noteworthy being 
malathion, which was recently used in 
California against the medfly. 

Until the 1800s, when people began to spray 
personal gardens using fairly large machines, 
pesticides were generally applied by hand. 
Airplanes were not used until the 1920s, and 
slow, well-controlled, low-level flights were 
not implemented until the 1950s. The first 
aerial spraying of synthetic pesticides used 
large amounts of inert materials, 4000 liters 
per hectare (a hectare equals 2.47 acres). 
This quantity was rapidly reduced to 100 to 
200 liters/hectare, and by the 1970s the 
amount had been reduced (in some cases) to 
.3 liters per hectare of the ingredient itself 
(for example, malathion) applied directly to 
the fields. 
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Today, some 900 active chemical pesticides 
are used to manufacture 40,000 commercial 
preparations. The Environmental Protection 
Agency (EPA) estimates that the use of pesti¬ 
cides doubled between 1960 and 1980. 
Currently, over 372 million kilograms a year 
are used in the United States, with over 1.8 
billion kilograms a year used worldwide. 

Raw Materials 

A pesticide consists of an active ingredient 
coupled with inert ingredients. The active 
ingredient kills the pests, while the inert in¬ 
gredients facilitate spraying and coating the 
target plant; they can also contribute other 
advantages that are not conferred by the ac¬ 
tive ingredient alone. 

Active ingredients were once distilled from 
natural substances; now they are largely syn¬ 


thesized in a laboratory. Almost all are hy¬ 
drocarbons derived from petroleum. Most 
pesticides contain other elements, the type 
and number of which depend on the pesticide 
desired. Chlorine, oxygen, sulfur, phospho¬ 
rus, nitrogen, and bromine are most com¬ 
mon. Inert ingredients can be many 
substances, dependent on the type of pesti¬ 
cide. Liquid pesticides have traditionally 
used kerosene or some other petroleum dis¬ 
tillate as a carrier, though water has recently 
begun to replace kerosene. Emulsifiers (such 
as soap) are also added to distribute the ac¬ 
tive ingredient evenly throughout the sol¬ 
vent. A powder or dust pesticide will 
typically contain vegetable matter such as 
ground up nut shells or com cobs, clays such 
as diatomite or attapulgite, or powdered 
minerals such as talc or calcium carbonate as 
a base. To cause the pesticide to adhere bet- 


ln pesticide manufacturing, an ac¬ 
tive ingredient is first synthesized in 
a chemical factory. Next, a formu- 
lator mixes the active ingredient 
with a carrier (for liquid pesticide) 
or with inert powders or dry fertiliz¬ 
ers (for dust pesticide), then bottles 
or packages it. Liquid pesticides 
are packaged in 200-liter drums for 
large-scale operations or 20-liter 
jugs for small-scale operations, 
while dry formulations can be pack¬ 
aged in 5 to 10 kilogram plastic or 
plastic-lined bags. 
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After receiving tfie pesiticide, farm¬ 
ers dilute it with water before apply¬ 
ing it. Application can involve crop 
dusting with small airplanes or 
using sprinklers or tractors. Small 
farmers may even use hand-held 
sprayers. 



ter to the plant or soil, a material such as 
cornstarch or flour may be added. 

The Manufacturing 
Process 

Manufacturing a pesticide involves at least 
three separate activities. The active ingredi¬ 
ent is first synthesized in a chemical factory, 
then formulated in the same place or sent to a 
formulator, who prepares the liquid or pow¬ 
der form. The pesticide is then sent to the 
farmer or other certified applicator, who di¬ 
lutes it before applying it to the fields. 

Synthesizing the pesticide 

I When a new pesticide is first developed, it 
is manufactured on a small scale in a lab¬ 
oratory. If the substance proves viable, pro¬ 
duction begins in the factory. Batch or 
continuous manufacturing insures a high vol¬ 
ume, perhaps as much as 500 kilograms per 
cycle. Synthesizing a pesticide is a complex 


chemical procedure that requires trained 
chemists and a large, sophisticated labora¬ 
tory. The basic procedure entails altering an 
organic molecule to form a pesticide. This 
may involve any of a number of specific 
reagents and catalysts and often must take 
place in a controlled climate (within a certain 
temperature range, for example). Once syn¬ 
thesized, the active ingredient is packaged 
and sent to a formulator. Liquid insecticides 
can be shipped in tank trucks or 200-liter 
drums. Transport of the active ingredient 
follows all regulations for hazardous materi¬ 
als transportation. 

Formulating the pesticide 

2 A formulator accepts the active ingredi¬ 
ent, measures out the proper amount, 
mixes it with carrier if it is to be a liquid pes¬ 
ticide or with inert powders or dry fertilizers 
if it is to be a dust pesticide, then bottles or 
packages it. Liquid pesticides are packaged 
in 200-liter drums if a large-scale farmer is 
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the anticipated customer or 20-liter jugs for 
small-scale operations. Dry formulations 
can be packaged in 5 to 10 kilogram plastic 
or plastic-lined bags. An emulsified formu¬ 
lation is usually concentrated to render trans¬ 
port easier (the active ingredient typically 
makes up 50 percent of the emulsified con¬ 
centrate), but granulated and dry pesticides 
are ready to use. 

Diluting the pesticide 

3 The pesticide might be stored a short time 
before it is requested. When it is ready for 
transport, the estimated necessary amount is 
sent to the farmer, who dilutes the emulsified 
concentrate to create the amount of pesticide 
desired. In most instances, the final product 
consists of only .5 to 1 percent of the original 
active ingredient. The pesticide is now ready 
to be applied. 

Applying the pesticide 

There are several ways to apply a pesti¬ 
cide. The method with which Americans 
are most familiar is crop dusting, though its 
use is generally limited to large, flat areas. A 
plane loaded with 2000-liter (or larger) tanks 
flies over a field and sprays out the pesticide 
from booms. Booms are long, horizontal rods 
from which several sprinklers spray down. 
Another method is to attach the tanks and 
booms to a tractor and spray closer to the 
ground. For small farmers, the most eco¬ 
nomical method of spraying is to use one or 
more workers with hand-held sprayers at¬ 
tached to small tanks. A hand pump can be 
carried on the shoulder; its tank capacity is 
only about 3 to 12 liters. Small tanks with a 
capacity of around 200 liters are also used. 
The pesticides are applied with a hand gun. 
A rough estimate of the amount applied is 
150 to 300 liters per hectare. 

Quality Control 

Pesticides are by their very nature toxic sub¬ 
stances; hence, a great deal of concern has 
centered on safety. The laws dealing with 
pesticide safety are very strict and will be¬ 
come even stricter in the future. Besides 
legal restrictions, pesticides are also subject 
to stringent quality control standards like any 
other manufactured product. 

Most large pesticide manufacturers have 
highly developed quality control laboratories 


that test each pesticide for potency, emulsifi¬ 
cation, density, color, pH, particle size (if a 
dust), and suspension (if a liquid). If the 
company makes more than one pesticide, the 
product’s identity must also be verified. A 
pesticide must be stable, easy to apply, and 
easy to store. Shelf-life must extend past one 
year. In accelerated tests, the pesticide is 
subjected to high temperatures for a short pe¬ 
riod, then checked for effectiveness. A typi¬ 
cal pesticide is 95 percent pure. Labels must 
be easy to read and meet all regulations. The 
manufacturer keeps files for each raw mater¬ 
ial, active ingredient, formulation, and pack¬ 
aged item, and samples are stored for three 
years. 

Today’s pesticides, when used properly, are 
very safe. Farmers who apply their own pes¬ 
ticides must be trained by the U.S. Agri¬ 
cultural Extension Service and certified by 
the state department of agriculture before 
they can purchase pesticides. Commercial 
applicators must also undergo training and 
pass a written test. 

When preparing a formulation for applica¬ 
tion, which in most cases means diluting it, 
the applicator should wear protective cloth¬ 
ing as directed by the label. Often, this pro¬ 
tective garb includes an apron or coveralls, a 
broad-brimmed hat, long-sleeved shirt, long 
socks, unlined neoprene or rubber gloves, 
long pants, and unlined neoprene or rubber 
boots worn over shoes. For some pesticides, 
applicators must also wear goggles and/or a 
respirator. 

As an additional precaution, application 
equipment is calibrated before each use. To 
calibrate a sprayer, the applicator measures 
off a distance in the field, then sprays it with a 
neutral substance such as water. The amount 
of water used is then checked to see if it is ap¬ 
propriate. All equipment is also checked to 
see if spraying is even, and worn equipment is 
replaced promptly. 

Byproducts/Waste 

When they were introduced, pesticides were 
seen as a wonderful technology that would 
increase crop yields and reduce insect-borne 
diseases. The first sign that this was a hope¬ 
ful myth was the discovery in the 1950s that 
pesticide volume must be increased to have 
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the same effect it once had. With the publi¬ 
cation of Silent Spring by Rachel Carson in 
1962, an awareness of the danger of unre¬ 
stricted pesticide use grew. 

Pesticides kill the pests they are aiming for 
most of the time, yet often they also kill the 
pests’ natural predators, thereby exacerbat¬ 
ing the problem. In some cases, exterminat¬ 
ing a pest merely allows another pest to take 
its place. After a period of pesticide use, the 
insects become resistant to the pesticide, and 
stronger or more pesticides must be used to 
control the population. There is evidence 
that pesticides are misused, that their effect 
in some cases is negligible, and that applica¬ 
tors are not aware of the proper use of pesti¬ 
cides. Coupled with these concerns is the 
worry over blanket spraying of residential 
areas and contaminated food. 

DDT is the most widely noted case of a pes¬ 
ticide that caused damage far from the farm. 
High levels of DDT have been found in birds 
of prey, causing them to become endangered 
because of the effect it has on their eggs. 
DDT becomes more concentrated the higher 
it climbs in the food chain, and many people 
have voiced their concern about its possible 
presence in humans. In 1972, the Environ¬ 
mental Protection Agency (EPA) announced 
a ban on almost all uses of DDT. 

Several dozen other pesticides have also 
been banned, or their use restricted by the 
EPA. Ironically, these pesticides are still 
being exported to assist developing coun¬ 
tries, where it is estimated that three million 
acute cases of pesticide poisoning occur per 
year, along with 20,000 deaths directly re¬ 
lated to the misuse of pesticides. Because 
many of these countries export produce to 
the United States, the possibility of 
American contamination is high. 

Integrated pest management (IPM) was 
begun in the 1960s in response to the pesti¬ 
cides dilemma. The idea behind IPM was to 
use a variety of insect controls instead of re¬ 
lying solely on chemical insecticides. The 
methods include introducing natural preda¬ 
tors, parasites, and bacterial, viral, and fungal 
insecticides to the fields. Workers may sim¬ 
ply vacuum up the insects, or introduce cer¬ 


tain plants to ward off pests that attack a par¬ 
ticular crop. Farmers may plow at the most 
effective time, plow their crop residue under, 
or strip harvest. They may plant pest-resis- 
tant plants. Sexual attractant traps may pull 
pests away from crops. Sterilized males can 
be released into the field. Insects can be en¬ 
gineered to remain juvenile and never repro¬ 
duce, molt too rapidly and therefore die 
rapidly, or become too confused to locate 
crop foods. Other possibilities are being 
tested at present. It is possible that in the fu¬ 
ture pesticide use will diminish as research 
leads to ways to combat pests with more 
knowledge and planning and less reliance on 
chemical intervention. 

Where To Learn More 

Books 

Carson, Rachel. Silent Spring. Houghton 
Mifflin Company, 1962. 

Lee, Sally. Pesticides. Franklin Watts, 

1991. 

Ware, George W. Pesticides: Theory and 
Application. W.H. Freeman, 1983. 

Periodicals 

Gibbons, Ann. “Overkilling the Insect 
Enemy.” Science. August 10, 1990, p. 621. 

Holmes, Bob. “The Joy Ride Is Over.” U.S. 
News and World Report. September 14, 

1992, pp. 73-74. 

Reganold, John P., Robert I. Papendick, and 
James F. Parr. “Sustainable Agriculture.” 
Scientific American. June, 1990, pp. 112- 
120 . 

Richmond, Suzan. “Making Sure It’s 
Organic.” Changing Times. October, 1990, 

p. 102. 

Satchell, Michael. “A Vicious ‘Circle of 
Poison.’” U.S. News and World Report. June 
10, 1991, pp. 31-32. 

—Rose Secrest 
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Background 

The term porcelain refers to a wide range of 
ceramic products that have been baked at 
high temperatures to achieve vitreous, or 
glassy, qualities such as translucence and 
low porosity. Among the most familiar 
porcelain goods are table and decorative 
china, chemical ware, dental crowns, and 
electrical insulators. Usually white or off- 
white, porcelain comes in both glazed and 
unglazed varieties, with bisque, fired at a 
high temperature, representing the most pop¬ 
ular unglazed variety. 

Although porcelain is frequently used as a 
synonym for china, the two are not identical. 
They resemble one another in that both are 
vitreous wares of extremely low porosity, and 
both can be glazed or unglazed. However, 
china, also known as soft-paste or tender 
porcelain, is softer: it can be cut with a file, 
while porcelain cannot. This difference is due 
to the higher temperatures at which true 
porcelain is fired, 2,650 degrees Fahrenheit 
(1,454 degrees Celsius) compared to 2,200 de¬ 
grees Fahrenheit (1,204 degrees Celsius) for 
china. Due to its greater hardness, porcelain 
has some medical and industrial applications 
which china, limited to domestic and artistic 
use, does not. Moreover, whereas porcelain is 
always translucent, china is opaque. 

Hard-paste or “true” porcelain originated in 
China during the T’ang dynasty (618-907 
a.d.); however, high quality porcelain com¬ 
parable to modern wares did not develop 
until the Yuan dynasty (1279-1368 a.d.). 
Early Chinese porcelain consisted of kaolin 
(china clay) and pegmatite, a coarse type of 
granite. Porcelain was unknown to European 
potters prior to the importation of Chinese 


wares during the Middle Ages. Europeans 
tried to duplicate Chinese porcelain, but, un¬ 
able to analyze its chemical composition, 
they could imitate only its appearance. After 
mixing glass with tin oxide to render it 
opaque, European craftspeople tried combin¬ 
ing clay and ground glass. These alternatives 
became known as soft-paste, glassy, or artifi¬ 
cial porcelains. However, because they were 
softer than genuine porcelain, as well as ex¬ 
pensive to produce, efforts to develop true 
porcelain continued. In 1707 two Germans 
named Ehrenfried Walter von Tschimhaus 
and Johann Friedrich Bottger succeeded by 
combining clay with ground feldspar instead 
of the ground glass previously used. 

Later in the eighteenth century the English 
further improved upon the recipe for porce¬ 
lain when they invented bone china by adding 
ash from cattle bones to clay, feldspar, and 
quartz. Although bone china is fired at lower 
temperatures than true porcelain, the bone ash 
enables it to become translucent nonetheless. 
Because it is also easier to make, harder to 
chip, and stronger than hard porcelain, bone 
china has become the most popular type of 
porcelain in the United States and Britain 
(European consumers continue to favor hard 
porcelain). 

Raw Materials 

The primary components of porcelain are 
clays, feldspar or flint, and silica, all charac¬ 
terized by small particle size. To create dif¬ 
ferent types of porcelain, craftspeople 
combine these raw materials in varying pro¬ 
portions until they obtain the desired green 
(unfired) and fired properties. 

Although the composition of clay varies de¬ 
pending upon where it is extracted and how it 
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To make porcelain, the raw materi¬ 
als—such as clay, felspar, and sil¬ 
ica—are first crushed using jaw 
crushers, hammer mills, and ball 
mills. After cleaning to remove im¬ 
properly sized materials, the mix¬ 
ture is subjected to one of four 
forming processes—soft plastic 
forming, stiff plastic forming, press¬ 
ing, or casting—depending on the 
type of ware being produced. The 
ware then undergoes a preliminary 
firing step, bisque-firing. 


is treated, all clays vitrify (develop glassy 
qualities), only at extremely high tempera¬ 
tures unless they are mixed with materials 
whose vitrification threshold is lower. 
Unlike glass, however, clay is refractory, 
meaning that it holds its shape when it is 
heated. In effect, porcelain combines glass’s 
low porosity with clay’s ability to retain its 
shape when heated, making it both easy to 
form and ideal for domestic use. The princi¬ 
pal clays used to make porcelain are china 
clay and ball clay, which consist mostly of 
kaolinate, a hydrous aluminum silicate. 

Feldspar, a mineral comprising mostly alu¬ 
minum silicate, and flint, a type of hard 
quartz, function as fluxes in the porcelain 
body or mixture. Fluxes reduce the tempera¬ 
ture at which liquid glass forms during firing 
to between 1,835 and 2,375 degrees 
Fahrenheit (1,000 and 1,300 degrees 
Celsius). This liquid phase binds the grains 
of the body together. 

Silica is a compound of oxygen and silicon, 
the two most abundant elements in the 
earth’s crust. Its resemblance to glass is visi¬ 
ble in quartz (its crystalline form), opal (its 
amorphous form), and sand (its impure 
form). Silica is the most common filler used 
to facilitate forming and firing of the body, as 
well as to improve the properties of the fin¬ 
ished product. Porcelain may also contain 
alumina, a compound of aluminum and oxy¬ 
gen, or low-alkali containing bodies, such as 
steatite, better known as soapstone. 

The Manufacturing 
Process 

After the raw materials are selected and the 
desired amounts weighed, they go through a 
series of preparation steps. First, they are 


crushed and purified. Next, they are mixed 
together before being subjected to one of four 
forming processes—soft plastic forming, stiff 
plastic forming, pressing, or casting; the 
choice depends upon the type of ware being 
produced. After the porcelain has been 
formed, it is subjected to a final purification 
process, bisque-firing, before being glazed. 
Glaze is a layer of decorative glass applied to 
and fired onto a ceramic body. The final man¬ 
ufacturing phase is firing, a heating step that 
takes place in a type of oven called a kiln. 

Crushing the raw materials 

1 First, the raw material particles are re¬ 
duced to the desired size, which involves 
using a variety of equipment during several 
crushing and grinding steps. Primary crush¬ 
ing is done in jaw crushers which use swing¬ 
ing metal jaws. Secondary crushing reduces 
particles to 0.1 inch (.25 centimeter) or less 
in diameter by using mullers (steel-tired 
wheels) or hammer mills, rapidly moving 
steel hammers. For fine grinding, craftspeo¬ 
ple use ball mills that consist of large rotating 
cylinders partially filled with steel or ceramic 
grinding media of spherical shape. 

Cleaning and mixing 

2 The ingredients are passed through a se¬ 
ries of screens to remove any under- or 
over-sized materials. Screens, usually oper¬ 
ated in a sloped position, are vibrated me¬ 
chanically or electromechanically to improve 
flow. If the body is to be formed wet, the in¬ 
gredients are then combined with water to 
produce the desired consistency. Magnetic 
filtration is then used to remove iron from the 
slurries, as these watery mixtures of insolu¬ 
ble material are called. Because iron occurs 
so pervasively in most clays and will impart 
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an undesirable reddish hue to the body if it 
oxidizes, removing it prior to firing is essen¬ 
tial. If the body is to be formed dry, shell 
mixers, ribbon mixers, or intensive mixers 
are typically used. 

Forming the body 

3 Next, the body of the porcelain is formed. 

This can be done using one of four meth¬ 
ods, depending on the type of ware being 
produced: 

• soft plastic forming, where the clay is 
shaped by manual molding, wheel throw¬ 
ing, jiggering, or ram pressing. In wheel 
throwing, a potter places the desired 
amount of body on a wheel and shapes it 
while the wheel turns. In jiggering, the clay 
is put on a horizontal plaster mold of the 
desired shape; that mold shapes one side of 
the clay, while a heated die is brought 
down from above to shape the other side. In 
ram pressing, the clay is put between two 
plaster molds, which shape it while forcing 
the water out. The mold is then separated 
by applying vacuum to the upper half of the 
mold and pressure to the lower half of the 
mold. Pressure is then applied to the upper 
half to free the formed body. 

• stiff plastic forming, which is used to shape 
less plastic bodies. The body is forced 


through a steel die to produce a column of 
uniform girth. This is either cut into the 
desired length or used as a blank for other 
forming operations. 

• pressing, which is used to compact and 
shape dry bodies in a rigid die or flexible 
mold. There are several types of pressing, 
based on the direction of pressure. 
Uniaxial pressing describes the process of 
applying pressure from only one direction, 
whereas isostatic pressing entails applying 
pressure equally from all sides. 

• slip casting, in which a slurry is poured 
into a porous mold. The liquid is filtered 
out through the mold, leaving a layer of 
solid porcelain body. Water continues to 
drain out of the cast layer, until the layer 
becomes rigid and can be removed from 
the mold. If the excess fluid is not drained 
from the mold and the entire material is al¬ 
lowed to solidify, the process is known as 
solid casting. 

Bisque-firing 

4 After being formed, the porcelain parts 
are generally bisque-fired, which entails 
heating them at a relatively low temperature 
to vaporize volatile contaminants and mini¬ 
mize shrinkage during firing. 


After bisque firing, the porcelain 
wares are put through a glazing 
operation, which applies the proper 
coating. The glaze can be applied 
by painting, dipping, pouring, or 
spraying. Finally, the ware under¬ 
goes a firing step in an oven or kiln. 
After cooling, the porcelain ware is 
complete. 
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Glazing 

After the raw materials for the glaze have 
been ground they are mixed with water. 
Like the body slurry, the glaze slurry is 
screened and passed through magnetic filters 
to remove contaminants. It is then applied to 
the ware by means of painting, pouring, dip¬ 
ping, or spraying. Different types of glazes 
can be produced by varying the proportions 
of the constituent ingredients, such as alu¬ 
mina, silica, and calcia. For example, in¬ 
creasing the alumina and decreasing the 
silica produces a matte glaze. 

Firing 

6 Firing is a further heating step that can be 
done in one of two types of oven, or kiln. 
A periodic kiln consists of a single, refrac¬ 
tory-lined, sealed chamber with burner ports 
and flues (or electric heating elements). It 
can fire only one batch of ware at a time, but 
it is more flexible since the firing cycle can 
be adjusted for each product. A tunnel kiln is 
a refractory chamber several hundred feet or 
more in length. It maintains certain tempera¬ 
ture zones continuously, with the ware being 
pushed from one zone to another. Typically, 
the ware will enter a preheating zone and 
move through a central firing zone before 
leaving the kiln via a cooling zone. This type 
of kiln is usually more economical and en¬ 
ergy efficient than a periodic kiln. 

7 During the firing process, a variety of re¬ 
actions take place. First, carbon-based im¬ 
purities bum out, chemical water evolves (at 
215 to 395 degrees Fahrenheit or 100 to 200 
degrees Celsius), and carbonates and sulfates 
begin to decompose (at 755 to 1,295 degrees 
Fahrenheit or 400 to 700 degrees Celsius). 
Gases are produced that must escape from the 
ware. On further heating, some of the miner¬ 
als break down into other phases, and the 
fluxes present (feldspar and flint) react with 
the decomposing minerals to form liquid 
glasses (at 1,295 to 2,015 degrees Fahrenheit 
or 700 to 1,100 degrees Celsius). These glass 
phases are necessary for shrinking and bond¬ 
ing the grains. After the desired density is 
achieved (greater than 2,195 degrees 
Fahrenheit or 1,200 degrees Celsius), the ware 
is cooled, which causes the liquid glass to so¬ 
lidify, thereby forming a strong bond between 
the remaining crystalline grains. After cool¬ 
ing, the porcelain is complete. 


Quality Control 

The character of the raw materials is impor¬ 
tant in maintaining quality during the manu¬ 
facturing process. The chemical 
composition, mineral phase, particle size dis¬ 
tribution, and colloidal surface area affect the 
fired and unfired properties of the porcelain. 
With unfired body, the properties evaluated 
include viscosity, plasticity, shrinkage, and 
strength. With fired porcelain, strength, 
porosity, color, and thermal expansion are 
measured. Many of these properties are mon¬ 
itored and controlled during manufacturing 
using statistical methods. Both the raw ma¬ 
terials and the process parameters (milling 
time and forming pressure, for example) can 
be adjusted to achieve desired quality. 

The Future 

High-quality porcelain art and dinnerware 
will continue to enhance the culture. 
Improvements in manufacturing will con¬ 
tinue to increase both productivity and en¬ 
ergy efficiency. For instance, a German kiln 
manufacturer has developed a prefabricated 
tunnel kiln for fast firing high-quality porce¬ 
lain in less than 5 hours. Firing is achieved 
by partly reducing atmosphere at a maximum 
firing temperature of 2,555 degrees 
Fahrenheit (1,400 degrees Celsius). The kiln 
uses high-velocity burners and an automatic 
control system, producing 23,000 pounds 
(11,500 kilograms) of porcelain in 24 hours. 

Manufacturers of porcelain products may 
also have to increase their recycling efforts, 
due to the increase in environmental regula¬ 
tions. Though unfired scrap is easily recy¬ 
cled, fired scrap poses a problem: 
mechanically strong and therefore hard to 
break down, it is usually dumped into land¬ 
fills. However, preliminary research has 
shown that fired scrap can be reused after 
thermal quenching (where the scrap is re¬ 
heated and then quickly cooled), which 
makes it weaker and easier to break down. 
The scrap can then be used as a raw material. 

Porcelain appears to be playing a more im¬ 
portant role in technical applications. Recent 
patents have been issued to Japanese and 
American companies in the area of electrical 
insulators and dental prostheses. NGK 
Insulators, Ltd., a Japanese manufacturer, 
has developed high-strength porcelain for 
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electrical insulators, whereas Murata 
Manufacturing Co. has developed low-tem- 
perature-sintering porcelain components for 
electronic applications. 

Where To Learn More 
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The penny black and other 
early stamps needed to be 
separated with a scissors; 
perforated stamps did not 
appear until 1854 in 
England and 1857 in the 
United States. However, 
though larger stamps are 
occasionally produced, 
the penny black's original 
size, .75 by .875 inch, 
has remained standard. 


Background 

The postage stamp is a relatively modem in¬ 
vention, first proposed in 1837 when Sir 
Rowland Hill, an English teacher and tax re¬ 
former, published a seminal pamphlet entitled 
Post Office Reform: Its Importance and 
Practicability. Among other reforms. Hill’s 
treatise advocated that the English cease bas¬ 
ing postal rates on the distance a letter traveled 
and collecting fees upon delivery. Instead, he 
argued, they should assess fees based on 
weight and require prepayment in the form of 
stamps. Hill’s ideas were accepted almost im¬ 
mediately, and the first English adhesive 
stamp, which featured a portrait of Queen 
Victoria, was printed in 1840. This stamp, 
called the “penny black,” provided sufficient 
postage for letters weighing up to .5 ounce (14 
grams), regardless of distance. To encourage 
widespread use of stamps, letters mailed with¬ 
out them were now charged double at the 
point of delivery. After Britain, Brazil be¬ 
came the next nation to produce postage 
stamps, issuing stamps made by its currency 
engraver in 1843. Various cantons in what 
later became Switzerland also produced 
stamps in 1843. United States postage stamps 
(in five and ten cent denominations) were first 
authorized by Congress in 1847 and came on 
the market on July 1 of the same year. By 
1860, more than 90 countries, colonies, or dis¬ 
tricts were issuing postage stamps. 

Most early stamps were of a single color— 
the United States, for example, did not pro¬ 
duce multicolored stamps until 1869, and 
they did not become common until the 
1920s. The penny black and other early 
stamps needed to be separated with a scis¬ 
sors; perforated stamps did not appear until 
1854 in England and 1857 in the United 


States. However, though larger stamps are 
occasionally produced, the penny black’s 
original size, .75 by .875 inch (1.9 by 2.22 
centimeters), has remained standard. 

Initially, stamps were manufactured by the 
same businesses that provided a country with 
currency, or by a country’s mint. Yet it soon 
became apparent that printing stamps is un¬ 
like minting money in that the different paper 
types call for different printing pressures. 
Consequently, printing stamps became a dis¬ 
crete activity, though one still sometimes 
carried out by companies that made cur¬ 
rency. In ensuing years, methods of produc¬ 
ing stamps mirrored the development of 
modern printing processes. Today, stamp 
making processes utilize much of the finest 
printing technology available. 

In the United States, the decision to produce a 
stamp is made by a Citizens’ Stamp Advisory 
Committee, which meets regularly in con¬ 
junction with staff from the Post Office. The 
committee is responsible for determining 
what stamps will be produced, in what de¬ 
nominations, and at what time. Suggestions 
for stamps come from throughout the coun¬ 
try, although the committee itself might rec¬ 
ommend a particular design. Most frequently, 
however, there is a large pool of recommen¬ 
dations with which to work. In some cases, 
suggestions are accompanied by drawings 
and pictures which might form the basis for 
the stamp being considered. 

Once the committee decides that a particular 
stamp will be produced, it commissions an 
artist to design it or modify a submitted de¬ 
sign. It then decides, primarily on the basis 
of workload, whether the stamp should be 
produced by the Bureau of Engraving and 
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Printing or by outside contractors, who have 
been used much more extensively since the 
late 1980s. It’s possible for a common stamp 
in great demand (such as an everyday first 
class mail stamp) to be made by the Bureau 
of Engraving and Printing and by several 
contractors. Currently, perhaps ten to fifteen 
American firms are capable of manufactur¬ 
ing stamps that meet Post Office standards. 

Specifications for the stamp, such as color, 
size, design, and even the printing process it¬ 
self are then drawn up in consultation with 
the original artist or designer. If the stamp is 
to be contracted out, a “request for proposal” 
appears in the Commerce Business Daily, a 
U.S. government publication which lists con¬ 
tracts available to non-government firms. 
After the stamp is printed, samples will be 
sent to the International Bureau of the 
Universal Postal Union in Switzerland, 
where they are marked as samples (com¬ 
monly perforated with a word such as “spec¬ 
imen”) and then distributed to member 
nations to help postal workers recognize 
other countries’ legitimate postage. 

In addition to requirements for the picture or 
design on a stamp, other requirements, all of 
which can be met at a printing plant, are 
sometimes added to a stamp’s specification. 
The most common one is phosphor tagging, 


in which an invisible mark that can be read 
only by a special machine is placed on a 
stamp. The tagging facilitates the automated 
sorting of mail. 

Other requirements might be for such things 
as printing the stamp on chalked paper to 
prevent reuse of a stamp by cleaning or 
washing off a cancellation. When a canceled 
stamp printed on chalked paper is wetted, the 
picture will blur as the cancellation mark is 
wiped off, cuing postal workers to the fact 
that the stamp is no longer valid. 

Raw Materials 

Although stamps were originally printed on 
sheets of paper that were fed into presses in¬ 
dividually, the paper now used comes on a 
roll. The two kinds of paper most commonly 
used to print stamps are laid and wove paper, 
the former with ribbed lines and the latter 
without. While other nations use both types, 
the United States presently uses only wove. 
Either laid or wove paper might feature wa¬ 
termarks, faint designs that result from dif¬ 
ferences in the pressure applied to various 
parts of a roll of paper during the production 
process. Commonly used in other counties, 
watermarked paper has not been utilized in 
the United States since 1915. 


The engraving method of intaglio 
printing begins with the creation of 
a master die on which the design of 
the stamp is engraved, in reverse. 
The design is in the lowered portion 
of the die—the raised portion will 
not be reproduced in the final prod¬ 
uct. This is an exacting hand 
process, in which the engraver 
carefully cuts a mirror image of the 
original drawing for the stamp. 

The master die impression is then 
copied onto a transfer roll, and in 
turn onto a printing plate. The im¬ 
pression on the plate is in the form 
of grooves rather than a raised 
image. Next, the plate is fastened 
into the printing press and coated 
with ink, and the appropriate paper 
is fed through the press. 


3 4 1 




How Products Are Made, Volume 1 


The Manufacturing 
Process 

At the printing plant, the process begins with 
the delivery of paper for stamps, with the 
glue already applied to the back. Two print¬ 
ing processes are most often used in making 
stamps, the intaglio process (which includes 
the gravure process), and the offset process. 
It is not unusual, however, for a particular 
stamp’s specifications to call for the use of 
both methods. 

Intaglio, perhaps the oldest means of produc¬ 
ing stamps, is also the most time-consuming. 
However, because this method creates 
stamps with more distinct images, the 
process has not been pushed aside by newer, 
faster, and less expensive methods. Intaglio 
involves engraving, scratching, or etching an 
image onto a printing plate, which in turn 
transfers that image onto paper. In one well- 
known intaglio process, called gravure, the 
image is first transferred onto the plate pho¬ 
tographically, and then etched into the plate. 
This section, however, will focus on an en¬ 
graving process. 

Creating the master die 

I The engraving method of intaglio begins 
with the creation of a “master die” in 
which the design of the stamp is engraved, in 
reverse. The design is in the lowered portion 
of the die—the raised portion of the die will 
not be reproduced in the final product. This 
is an exacting hand process, in which the en¬ 
graver is carefully cutting a mirror image of 
the original drawing for the stamp. It might 
be several weeks before the engraver is satis¬ 
fied that he or she has created the perfect du¬ 
plicate. 

2 After the die has been completed, it is 
heated to harden the engraved image. In 
the next step, the hardened intaglio is trans¬ 
ferred to a transfer roll, which consists of soft 
steel wrapped around a rod-shaped carrier, or 
mandrel, and which resembles a shortened 
rolling pin. The transfer roll is machine- 
pressed against the master die, and rocked 
back and forth until the master die has cre¬ 
ated a relief impression on the transfer roll. 
At this point, the relief is a positive impres¬ 
sion (no longer in reverse). The process is re¬ 
peated until the desired number of reliefs has 
been created on the transfer roll. 


Preparing the printing plate 

3 Like the master die, the transfer roll is 
hardened by heating. It is then pressed 
against a printing plate, leaving another re¬ 
lief, again in reverse, on the printing plate. If 
there are several reliefs on a transfer roll, all 
can be passed to the printing plate. Several 
printing plates can be made from the same 
transfer roll if the decision is made to use 
more than one machine to produce a particu¬ 
lar stamp. The impression on the plate is in 
the form of grooves rather than a raised 
image. 

4 Once the plate is ready for use, it is fas¬ 
tened into the printing press and coated 
with ink. Inking is done automatically by 
several processes including spraying ink 
through small jets or moving an ink-covered 
roller across a plate. The plate is then wiped 
by a blade called the doctor blade, leaving 
ink only in the grooves. 

The plate then presses against the paper, 
leaving a positive impression of the re¬ 
verse image that was originally copied onto 
the master die. 

6 If more than one color is involved, sepa¬ 
rate colors are handled by a process 
known as selective inking. A particular color 
of ink is applied by a piece of hard rubber that 
comes in contact with only the section of the 
stamp that is to receive that color. After the 
ink is applied in one area, another piece of 
rubber, with another color for another area, is 
used to ink another portion of the plate. 

Offset lithography 

7 The offset method of printing is less ex¬ 
pensive than intaglio and can also pro¬ 
duce very fine results, and it is a common 
choice for many stamps. In this method, a 
picture or design is first made photochemi- 
cally on an aluminum plate. Once attached to 
the printing press, the plate is alternately 
bathed in ink and water: the photochemical 
image gets ink, while the non-image parts are 
dampened with water, which acts as a repel¬ 
lent to the ink and ensures that only the 
image will be transferred to the paper. Next, 
the plate presses against a rubber “blanket,” 
which carries a reverse image of the final 
picture. In turn, the rubber blanket contacts 
the paper, producing the final positive image. 
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In offset lithography, a picture or 
design is first made photochemi- 
cally on an aluminum plate. Once 
attached to the printing press, the 
plate is alternately bathed in ink 
and water: the photochemical 
image gets ink, while the non¬ 
image parts are dampened with 
water, which acts as a repellent to 
the ink and ensures that only the 
image will be transferred to the 
paper. Next, the plate presses 
against a rubber "blanket," which 
carries a reverse image of the final 
picture. In turn, the rubber blanket 
contacts the paper, producing the 
final positive image. 


Perforation 

8 Perforations can be made either during the 
printing process by an adjacent machine 
or, less commonly, by a separate machine af¬ 
terwards. In the first method, the sheet of 
paper is passed through a machine which uses 
little pins to punch the perforation holes 
through the paper in a horizontal and vertical 
grid. After pushing through the paper, the 
pins meet a matching metal indentation on the 
other side. After being perforated, the stamps 
move out of the press. In the other method of 
producing perforations, called rouletting, a 
wheel similar to a pizza cutter but with pins is 
rolled across one side of the stamped paper 
after it has been removed from the printing 
press, laying down a row of holes. Though 
originally a hand-operation, this method of 
perforation is now automated. 

Quality Control 

Stamps are inspected at every stage of the 
printing process, by the people who are run¬ 


ning the stamps and by inspectors whose 
only responsibility is to observe the process 
and remove errors before the stamps proceed 
to the next step. 

Printing machines are hugely complex, and 
errors in the printing process are a fact of life. 
Misfed paper, clogged inking apparatus, 
variations in pressure, changes in ink quality, 
incorrectly adjusted mechanisms, and a host 
of other problems can be minimized but not 
always eliminated. Even changes in the hu¬ 
midity of the pressroom can affect the press 
and the paper enough to produce less-than- 
perfect results. 

Several of the most spectacular errors of the 
past occurred because presses were manually 
fed; in other words, individual sheets of 
paper were inserted into the press by hand. If 
a sheet of paper required an impression from 
a second press (to add a second color), and 
the sheet was turned accidentally, the result¬ 
ing stamps featured misplaced blotches of 
color. This type of error does not occur 
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today because presses are roll-fed: rather 
than being fed into a press sheet by sheet, 
paper is fed in from a continuous roll. 

Most errors are detected, and the flawed 
stamps destroyed, under tight security con¬ 
trols in the printing plant. Enough errors slip 
through, however, to make the collecting of 
“error stamps” an interesting specialty for 
some stamp collectors. 

The Future 

One twentieth-century innovation that has 
significantly diminished the use of stamps is 
the postage meter. Developed in New 
Zealand in 1902, meters were introduced in 
the United States twelve years later. In addi¬ 
tion to their use by the federal Post Office, 
meters are now leased by private companies 
that send out large amounts of mail. These 
meters allow companies to post and mail let¬ 
ters without using stamps. Particularly popu¬ 
lar with businesses that send out bulk 
mailings, meters now “stamp” over one half 
of the mail posted in the United States. 
However, individuals continue to use 
postage stamps, which remain not only func¬ 
tional but popular, as can be seen in the ex¬ 
citement generated by such recent stamps as 
those commemorating World War II, Elvis 
Presley, and Princess Grace of Monaco. 


Where To Learn More 

Books 

Lewis, Brenda Ralph. Stamps! A Young 
Collector’s Guide. Lodestar Books, 1991. 

Olcheski, Bill. Beginning Stamp Collecting. 
Henry Z. Walck, 1991. 

Scott 1993 Standard Postage Stamp 
Catalogue. Vol. 1: Basic Stamp Information, 
pp. 20A-26A. Scott Publishing Co., 1992. 

Periodicals 

Healey, Barth. “Tactical Technology Fights 
Counterfeiters.” New York Times. May 16, 
1993, p. N22. 

Patota, Anne. “Coil Stamp Provides Test for 
Pre-Phosphored Paper.” Stamps. May 16, 
1987, p.458. 

Schiff, Jacques C., Jr. “Much to Learn about 
Printing.” Stamps. July 4, 1992, p. 10. 

“Computer Enhances National Guard 
Color.” Stamps. November 8, 1986, p. 418. 

“Postage Stamp Design: Creating Art Works 
the Size of Your Thumb.” Stamps. 
November 5, 1988, p. 217. 

—Lawrence H. Berlow 
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Pressure Gauge 


Background 

Many of the processes in the modem world 
involve the measurement and control of pres¬ 
surized liquid and gas systems. This monitor¬ 
ing reflects certain performance criteria that 
must be controlled to produce the desirable 
results of the process and insure its safe oper¬ 
ation. Boilers, refineries, water systems, and 
compressed gas systems are but a few of the 
many applications for pressure gauges. 

The mechanical pressure indicating instru¬ 
ment, or gauge, consists of an elastic pressure 
element; a threaded connection means called 
the “socket”; a sector and pinion gear mecha¬ 
nism called the “movement”; and the protec¬ 
tive case, dial, and viewing lens assembly. 
The elastic pressure element is the member 
that actually displaces or moves due to the in¬ 
fluence of pressure. When properly designed, 
this pressure element is both highly accurate 
and repeatable. The pressure element is con¬ 
nected to the geared “movement” mechanism, 
which in turn rotates a pointer throughout a 
graduated dial. It is the pointer’s position rela¬ 
tive to the graduations that the viewer uses to 
determine the pressure indication. 

The most common pressure gauge design 
was invented by French industrialist Eugene 
Bourdon in 1849. It utilizes a curved tube de¬ 
sign as the pressure sensing element. A less 
common pressure element design is the di¬ 
aphragm or disk type, which is especially 
sensitive at lower pressures. This article will 
focus on the Bourdon tube pressure gauge. 

Design 

In a Bourdon tube gauge, a “C” shaped, hol¬ 
low spring tube is closed and sealed at one 


end. The opposite end is securely sealed and 
bonded to the socket, the threaded connec¬ 
tion means. When the pressure medium 
(such as air, oil, or water) enters the tube 
through the socket, the pressure differential 
from the inside to the outside causes the tube 
to move. One can relate this movement to the 
uncoiling of a hose when pressurized with 
water, or the party whistle that uncoils when 
air is blown into it. The direction of this 
movement is determined by the curvature of 
the tubing, with the inside radius being 
slightly shorter than the outside radius. A 
specific amount of pressure causes the “C” 
shape to open up, or stretch, a specific dis¬ 
tance. When the pressure is removed, the 
spring nature of the tube material returns the 
tube to its original shape and the tip to its 
original position relative to the socket. 

Raw Materials 

Pressure gauge tubes are made of many ma¬ 
terials, but the common design factor for 
these materials is the suitability for spring 
tempering. This tempering is a form of heat 
treating. It causes the metal to closely retain 
its original shape while allowing flexing or 
“elasticity” under load. Nearly all metals 
have some degree of elasticity, but spring 
tempering reinforces those desirable charac¬ 
teristics. Beryllium copper, phosphor bronze, 
and various alloys of steel and stainless steel 
all make excellent Bourdon tubes. The type 
of material chosen depends upon its corro¬ 
sion properties with regards to the process 
media (water, air, oil, etc). Steel has a lim¬ 
ited service life due to corrosion but is ade¬ 
quate for oil; stainless steel alloys add cost if 
specific corrosion resistance is not required; 
and beryllium copper is usually reserved for 
high pressure applications. Most gauges in- 


The most common pressure 
gauge design was 
invented by French 
industrialist Eugene 
Bourdon in 1849. It 
utilizes a curved tube 
design (called a "Bourdon 
tube") as the pressure 
sensing element. 
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A crucial step in the manufacture of 
a pressure gauge is making the C- 
shaped bourdon tube. In this step, a 
metal tube is pulled through 
grooved rollers on an automatic 
rolling machine. One roller grasps 
the tubing end and forms the inside 
radius, while the other provides out¬ 
side pressure to maintain uniform 
contact with the tubing. The same 
roller that grabs and bends the tub¬ 
ing also contains a saw blade. As 
the roller continues turning after cre¬ 
ating the bend, the saw blade on it 
cuts the tubing to the proper length. 


tended for general use of air, light oil, or 
water utilize phosphor bronze. The pressure 
range of the tubes is determined by the tub¬ 
ing wall thickness and the radius of the cur¬ 
vature. Instrument designers must use 
precise design and material selection, be¬ 
cause exceeding the elastic limit will destroy 
the tube and accuracy will be lost. 

The socket is usually made of brass, steel, or 
stainless steel. Lightweight gauges some¬ 
times use aluminum, but this material has 
limited pressure service and is difficult to 
join to the Bourdon tube by soldering or 
brazing. Extrusions and rolled bar stock 
shapes are most commonly used. 

The movement mechanism is made of glass 
filled polycarbonate, brass, nickel silver, or 


stainless steel. Whichever material is used, it 
iriust be stable and allow for a friction-free 
assembly. Brass and combinations of brass 
and polycarbonate are most popular. 

To protect the Bourdon tube and movement, 
the assembly is enclosed within a case and 
viewing lens. A dial and pointer, which are 
used to provide the viewer with the pressure 
indication, are made from nearly all basic 
metals, glass, and plastics. Aluminum, brass, 
and steel as well as polycarbonate and 
polypropylene make excellent gauge cases 
and dials. Most lenses are made of polycar¬ 
bonate or acrylic, which are in favor over 
glass for obvious safety reasons. For severe 
service applications, the case is sealed and 
filled with glycerine or silicone fluid. This 
fluid cushions the tube and movement 
against damage from impact and vibration. 
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The Manufacturing 
Process 

Making the Bourdon tube 

1 The Bourdon tube is the most important 
part of the instrument. The tube may be 
made from solid bar stock by drilling the 
length to the desired inside diameter and 
turning the outside diameter on a lathe to 
achieve the appropriate wall thickness. 
However, most general purpose gauges uti¬ 
lize preformed tubing purchased from a met¬ 
als supplier. The gauge builder specifies the 
desired wall thickness, material, configura¬ 
tion, and diameter. The supplier provides the 
material in 10- to 12-foot (3- to 3.65-meter) 
lengths, ready for production. 

2 Most manufacturers have closely guarded 
proprietary rolling methods for rolling the 
tubing into the “C” shape. The “C” shape of 
the tube is generally formed in an automatic 
rolling machine. This machine contains two 
precision, powered rollers, through which the 
tubing passes. One roller grasps the tubing 
end and forms the inside radius, while the 
other provides outside pressure to maintain 
uniform contact with the tubing. Each roller 
contains a groove that fits around the outside 
of the tubing; these grooves allow the tubing 
to maintain its circular shape rather than 


being flattened. In the rolling process, a steel 
mandrel—a bar that guides the tubing into the 
rollers and helps it keep its shape—is first in¬ 
serted though the free end of the tubing and 
positioned just before the rollers. This lubri¬ 
cated mandrel is of the desired interior shape 
of the oval. The tubing then passes over the 
mandrel and between the rollers. One roller 
contains a clip that grabs the tubing; as the 
roller turns, it pulls the tubing and bends it 
into the “C” shape. 

3 The same roller that grabs and bends the 
tubing also contains a saw blade. As the 
roller continues turning after creating the 
bend, the saw blade on it cuts the tubing to 
the proper length. The tubing is then heat 
treated in ovens. 

Other components 

4 The socket is basically a block of metal 
that serves as a connector to the source of 
the pressure medium; a mount for the case, 
dial, and movement; and as an attachment 
slot for the Bourdon tube. One end of the 
socket is threaded, which allows it to be 
screwed into the pressure-providing appara¬ 
tus. The socket may be cast, forged, ex¬ 
truded, or machined from bar stock. Most 
sockets are made on automated machining 
centers that turn, drill, mill, and thread all in 


After the Bourdon tube is made, its 
closed end is attached to the socket 
by soldering, brazing, or welding. 
The free end of the Bourdon tube is 
precisely located during this assem¬ 
bly operation, and then sealed, usu¬ 
ally by the same means used to join 
the tube to the socket. 

Once the Bourdon tube and socket 
assembly is secure, the tip of the un¬ 
supported end of the "C" is at¬ 
tached to an endpiece. This 
endpiece contains a small hole that 
connects the tip to the geared move¬ 
ment mechanism. The other compo¬ 
nents—the movement, pointer, and 
dial—are then assembled onto the 
socket as a group. 
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one cycle. General machining practices 
apply to most socket manufacture. 

Movements are geared mechanisms that 
contain a pinion (a rotating shaft), sector, 
support plates, hairspring, and spacer 
columns. The mechanism converts the some¬ 
what linear displacement of the Bourdon tip 
into rotary movement, as well as providing a 
means for calibration adjustment. The 
pointer is fastened to the rotating shaft, or 
pinion, and sweeps across the graduated dial 
indicating the pressure amount. Most move¬ 
ments are supplied to the gauge builder ready 
to use. Many types of manufacturing 
processes are used to produce the movement 
components, and the workmanship of the 
mechanism closely resembles a clockwork 
when completed. 

6 The case, dial, and pointer may be sheet 
metal stampings, plastic moldings, or 
castings. Stampings and moldings require lit¬ 
tle further processing, but castings will re¬ 
quire some machining—trimming off excess 
material, for instance—to meet the final re¬ 
quirements. These components are painted as 
required, and the dials are printed with the 
appropriate artwork. Common printing prac¬ 
tice, utilizing both offset and direct methods, 
is used. The lens most commonly is a plastic 
part made by injection molding, whereby the 
plastic is heated into a molten state and then 
poured into a mold of the desired shape. The 
attachment feature that secures and seals the 
lens to the case is designed into the mold. 
Glass lenses are still used, but must be re¬ 
tained by a ring of some type. Glass has 
fallen out of favor because of the safety prob¬ 
lems of breakage. 

Final assembly 

7 After the Bourdon tube is made, its closed 
end is attached to the socket by soldering, 
brazing, or welding. The free end of the 
Bourdon tube is precisely located during this 
assembly operation, and then sealed, usually 
by the same means used to join the tube to the 
socket. Once the Bourdon tube and socket 
assembly is secure, the tip of the unsupported 
end of the “C” is attached to an endpiece. 
This endpiece contains a small hole that con¬ 
nects the tip to the geared movement mecha¬ 
nism. The Bourdon tip doesn’t move a great 
distance within its pressure range, typically 
.125 to .25 inch (.31 to .63 centimeter). 


Understandably, the greater the pressure, the 
farther the tip moves. The other compo¬ 
nents—the movement, pointer, and dial—are 
then assembled onto the socket as a group. 

Calibration 

Calibration occurs just before the final assem¬ 
bly of the gauge to the protective case and 
lens. The assembly consisting of the socket, 
tube, and movement is connected to a pres¬ 
sure source with a known “master” gauge. A 
“master” gauge is simply a high accuracy 
gauge of known calibration. Adjustments are 
made in the assembly until the new gauge re¬ 
flects the same pressure readings as the mas¬ 
ter. Accuracy requirements of 2 percent 
difference are common, but some may be 1 
percent, .5 percent, or even .25 percent. 
Selection of the accuracy range is solely de¬ 
pendant upon how important the information 
desired is in relationship to the control and 
safety of the process. Most manufacturers use 
a graduated dial featuring a 270 degree sweep 
from zero to full range. These dials can be 
from less than 1 inch (2.5 centimeters) to 3 
feet (.9 meter) in diameter, with the largest 
typically used for extreme accuracy. By in¬ 
creasing the dial diameter, the circumference 
around the graduation line is made longer, al¬ 
lowing for many finely divided markings. 
These large gauges are usually very fragile 
and used for master purposes only. Masters 
themselves are inspected for accuracy period¬ 
ically using dead weight testers, a very accu¬ 
rate hydraulic apparatus that is traceable to 
the National Bureau of Standards in the 
United States. 

It is interesting to note that when the gauge 
manufacturing business was in its infancy, 
the theoretical design of the pressure element 
was still developing. The Bourdon tube was 
made with very general design parameters, 
because each tube was pressure tested to de¬ 
termine what range of service it was suitable 
for. One did not know exactly what pressure 
range was going to result from the rolling 
and heat treating process, so these instru¬ 
ments were sorted at calibration for specific 
application. Today, with the development of 
computer modeling and many decades of ex¬ 
perience, modern Bourdon tubes are pre¬ 
cisely rolled to specific dimensions that 
require little, if any, calibration. Modem cal¬ 
ibration can be performed by computers 
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using electronically controlled mechanical 
adjusters to adjust the components. This un¬ 
fortunately eliminates the image of the mas¬ 
ter craftsman sitting at the calibration bench, 
finely tuning a delicate, watch-like move¬ 
ment to extreme precision. Some instrument 
repair shops still perform this unique work, 
and these beautiful pressure gauges stand as 
equals to the clocks and timepieces created 
by master craftsmen years ago. 

Applications and Future 

Once the calibrated gauge is assembled and 
packaged, it is distributed to equipment man¬ 
ufacturers, service companies, and testing 
laboratories for use in many different applica¬ 
tions. These varied applications account for 
the wide range in design of the case and lens 
enclosure. The socket may enter the case 
from the back, top, bottom or side. Some 
dials are illuminated by the luminescent inks 
used to print the graduations or by tiny lamps 
connected to an outside electrical source. 
Gauges intended for high pressure service 
usually are of “dead front” safety design, a 
case design feature that places a substantial 
thickness of case material between the 
Bourdon tube and the dial. This barrier pro¬ 
tects the instrument viewer from gauge frag¬ 
ments should the Bourdon tube rupture due to 
excess pressure. The internal case design di¬ 
rects these high velocity pieces out the back 
of the gauge, away from the viewer. Many 
applications involve mounting the gauge di¬ 
rectly to the running machinery, resulting in 
the need for liquid filling. Unfilled gauges 
quickly succumb to the destructive effects of 
vibration. Special mounting flanges are se¬ 
cured to the cases to allow for panel and sur¬ 
face mounting independent of the pressure 
plumbing. Case and lens materials are chosen 
to cope with a variety of abusive or contami¬ 
nated environments, and are sealed by vari¬ 
ous means to keep moisture and contaminants 
out of the movement mechanism. 

The use of pressure gauges in the future ap¬ 
pears to be dependant on the quickly growing 
electronic sensor industry. These sensors are 


electronic components that provide an elec¬ 
trical signal and have essentially no moving 
parts. Many gauges today already have these 
sensors mounted within the case to send in¬ 
formation to process control computers and 
controllers. These sensors are intrinsically 
safe, allowing their use in flammable or ex¬ 
plosive environments. The whole process 
control issue has grown in recent years as a 
result of the need to prevent accidental re¬ 
leases of the process media, many of which 
are harmful to the environment. As environ¬ 
mental concerns grow, this interface will be 
in demand and the mechanical gauge may 
fall out of favor. However, the mechanical 
gauge does not require the electrical power 
source or the computer equipment needed by 
the electronic sensor. That makes the gauge 
cost effective for most general uses, and it is 
in this area that industry expects to continue 
to thrive. 

Where To Learn More 

Books 

Kardos, Geza, ed. Bourdon Tubes and 
Bourdon Tube Gauges: An Annotated 
Bibliography. Books on Demand, 1989. 

Pressure Gauge Handbook. M. Dekker, 
1985. 

Periodicals 

Arslanian, Russ. “How to Select a Pressure 
Calibration Device.” InTech. June, 1989, pp. 
84-85. 

Garrett, D. Dewayne and M. C. Banta. “A 
Suggested Improvement for the Fabrication 
of Low-Cost Manometers.” Journal of 
Chemical Education. June, 1990, p. 523. 

Jimenez-Dominguez, H., F. Figueroa-Lara, 
and S. Galindo. “Bourdon Gauge Absolute 
Manometer.” Review of Scientific 
Instruments. March, 1986, p. 499. 

—Douglas E. Betts 
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Rayon is a natural-based 
material made from the 
cellulose of wood pulp or 
cotton. This natural base 
gives it many of the 
characteristics—low cost, 
diversity, and comfort — 
that have led to its 
popularity and success. 
Today, rayon is considered 
to be one of the most 
versatile and economical 
man-made fibers available. 

It has been called "the 
laboratory's first gift to the 
loom." 


Background 

For centuries humankind has relied upon vari¬ 
ous plants and animals to provide the raw ma¬ 
terials for fabrics and clothing. Silkworms, 
sheep, beaver, buffalo deer, and even palm 
leaves are just some of the natural resources 
that have been used to meet these needs. 
However, in the last century scientists have 
turned to chemistry and technology to create 
and enhance many of the fabrics we now take 
for granted. 

There are two main categories of man-made 
fibers: those that are made from natural prod¬ 
ucts (cellulosic fibers) and those that are syn¬ 
thesized solely from chemical compounds 
(noncellulosic polymer fibers). Rayon is a 
natural-based material that is made from the 
cellulose of wood pulp or cotton. This nat¬ 
ural base gives it many of the characteris¬ 
tics—low cost, diversity, and comfort—that 
have led to its popularity and success. 
Today, rayon is considered to be one of the 
most versatile and economical man-made 
fibers available. It has been called “the labo¬ 
ratory’s first gift to the loom.” 

In the 1860s the French silk industry was 
being threatened by a disease affecting the 
silkworm. Louis Pasteur and Count Hilaire 
de Chardonnet were studying this problem 
with the hope of saving this vital industry. 
During this crisis, Chardonnet became inter¬ 
ested in finding a way to produce artificial 
silk. In 1885 he patented the first successful 
process to make a useable fiber from cellu¬ 
lose. Even though other scientists have sub¬ 
sequently developed more cost-effective 
ways of making artificial silk, Chardonnet is 
still considered to be the father of rayon. 


For the next forty years this material was 
called artificial or imitation silk. By 1925 it 
had developed into an industry unto itself 
and was given the name rayon by the Federal 
Trade Commission (FTC). The term rayon at 
this time included any man-made fiber made 
from cellulose. In 1952, however, the FTC 
divided rayons into two categories: those 
fibers consisting of pure cellulose (rayon) 
and those consisting of a cellulose compound 
(acetate). 

By the 1950s, most of the rayon produced 
was being used in industrial and home fur¬ 
nishing products rather than in apparel, be¬ 
cause regular rayon (also called viscose 
rayon) fibers were too weak compared to 
other fibers to be used in apparel. Then, in 
1955, manufacturers began to produce a new 
type of rayon—high-wet-modulus (HWM) 
rayon—which was somewhat stronger and 
which could be used successfully in sheets, 
towels, and apparel. The advent of HWM 
rayon (also called modified rayon ) is consid¬ 
ered the most important development in 
rayon production since its invention in the 
1880s. 

Today rayon is one of the most widely used 
fabrics in our society. It is made in countries 
around the world. It can be blended with nat¬ 
ural or man-made fabrics, treated with en¬ 
hancements, and even engineered to perform 
a variety of functions. 

Raw Materials 

Regardless of the design or manufacturing 
process, the basic raw material for making 
rayon is cellulose. The major sources for 
natural cellulose are wood pulp—usually 
from pine, spruce, or hemlock trees—and 
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cotton linters. Cotton linters are residue 
fibers which cling to cotton seed after the 
ginning process. 

Strictly defined, rayon is a manufactured 
fiber composed of regenerated cellulose. The 
legal definition also includes manufactured 
fibers in which substitutes have not replaced 
more than 15 percent of the hydrogens. 

While the basic manufacturing process for all 
rayon is similar, this fabric can be engineered 
to perform a wide range of functions. 
Various factors in the manufacturing process 
can be altered to produce an array of designs. 
Differences in the raw material, the process¬ 
ing chemicals, fiber diameter, post treat¬ 
ments and blend ratios can be manipulated to 
produce a fiber that is customized for a spe¬ 
cific application. 


Regular or viscose rayon is the most preva¬ 
lent, versatile and successful type of rayon. 
It can be blended with man-made or natural 
fibers and made into fabrics of varying 
weight and texture. It is also highly ab¬ 
sorbent, economical and comfortable to 
wear. 

Regular viscose rayon does have some disad¬ 
vantages. It’s not as strong as many of the 
newer fabrics, nor is it as strong as natural 
cotton or flax. This inherent weakness is ex¬ 
acerbated when it becomes wet or overex¬ 
posed to light. Also, regular rayon has a 
tendency to shrink when washed. Mildew, 
acid and high temperatures such as ironing 
can also result in damage. Fortunately, these 
disadvantages can be countered by chemical 
treatments and the blending of rayon with 
other fibers of offsetting characteristics. 


To make rayon, sheets of purified 
cellulose are steeped in caustic 
soda, dried, shredded into crumbs, 
and then aged in metal containers 
for 2 to 3 days. The temperature 
and humidity in the metal contain¬ 
ers are carefully controlled. 

After ageing, the crumbs are com¬ 
bined and churned with liquid car¬ 
bon disulfide, which turns the mix 
into orange-colored crumbs known 
as sodium cellulose xanthate. The 
cellulose xanthate is bathed in caus¬ 
tic soda, resulting in a viscose solu¬ 
tion that looks and feels much like 
honey. 
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High-wet-modulus rayon is a stronger fiber 
than regular rayon, and in fact is more similar 
in performance to cotton than to regular 
rayon. It has better elastic recovery than reg¬ 
ular rayon, and fabrics containing it are eas¬ 
ier to care for—they can be machine-washed, 
whereas fabrics containing regular rayon 
generally have to be dry-cleaned. 

The Manufacturing 
Process 

While there are many variations in the manu¬ 
facturing process that exploit the versatility 
of the fiber, the following is a description of 
the procedure that is used in making regular 
or viscose rayon. 

Regardless of whether wood pulp or cotton 
linters are used, the basic raw material for 
making rayon must be processed in order to 
extract and purify the cellulose. The resulting 
sheets of white, purified cellulose are then 
treated to form regenerated cellulose fila¬ 
ments. In mm, these filaments are spun into 
yams and eventually made into the desired 
fabric. 

Processing purified cellulose 

1 Sheets of purified cellulose are steeped in 
sodium hydroxide (caustic soda), which 
produces sheets of alkali cellulose. These 
sheets are dried, shredded into crumbs, and 
then aged in metal containers for 2 to 3 days. 
The temperature and humidity in the metal 
containers are carefully controlled. 

2 After ageing, the crumbs are combined 
and churned with liquid carbon disulfide, 
which turns the mix into orange-colored 
crumbs known as sodium cellulose xanthate. 
The cellulose xanthate is bathed in caustic 
soda, resulting in a viscose solution that 
looks and feels much like honey. Any dyes 
or delusterants in the design are then added. 
The syrupy solution is filtered for impurities 
and stored in vats to age, this time between 4 
and 5 days. 

Producing filaments 

3 The viscose solution is next turned into 
strings of fibers. This is done by forcing 
the liquid through a spinneret, which works 
like a shower-head, into an acid bath. If sta¬ 


ple fiber is to be produced, a large spinneret 
with large holes is used. If filament fiber is 
being produced, then a spinneret with smaller 
holes is used. In the acid bath, the acid coag¬ 
ulates and solidifies the filaments, now 
known as regenerated cellulose filaments. 

Spinning 

After being bathed in acid, the filaments 
are ready to be spun into yarn. 
Depending on the type of yam desired, sev¬ 
eral spinning methods can be used, including 
Pot Spinning, Spool Spinning, and 
Continuous Spinning. In Pot Spinning, the 
filaments are first stretched under controlled 
tension onto a series of offsetting rollers 
called godet wheels. This stretching reduces 
the diameter of the filaments and makes them 
more uniform in size, and it also gives the fil¬ 
aments more strength. The filaments are then 
put into a rapidly spinning cylinder called a 
Topham Box, resulting in a cake-like strings 
that stick to the sides of the Topham Box. 
The strings are then washed, bleached, 
rinsed, dried, and wound on cones or spools. 

Spool Spinning is very similar to Pot 
Spinning. The filaments are passed through 
rollers and wound on spools, where they are 
washed, bleached, rinsed, dried, and wound 
again on spools or cones. 

In Continuous Spinning, the filaments are 
washed, bleached, dried, twisted, and wound 
at the same time that they are stretched over 
godet wheels. 

Once the fibers are sufficiently cured, 
they are ready for post-treatment chemi¬ 
cals and the various weaving processes nec¬ 
essary to produce the fabric. The resulting 
fabric can then be given any of a number of 
finishing treatments. These include calendar¬ 
ing, to control smoothness; fire resistance; 
pre-shrinking; water resistance; and wrinkle 
resistance. 

High-Wet-Modulus Rayon 
Manufacture 

The process for manufacturing high-wet- 
modulus rayon is similar to that used for 
making regular rayon, with a few exceptions. 
First, in step #1 above, when the purified cel¬ 
lulose sheets are bathed in a caustic soda so- 
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After tfie syrupy viscose solution is 
prepared, it is forced through a 
spinneret into an acid bath. The re¬ 
sulting strings or filaments are then 
stretched on godet wheels to 
strengthen them and put into a spin¬ 
ning Topham box. This method pro¬ 
duces cake-like strings of rayon, 
which are washed, rinsed, and 
dried before being wound on 
spools or cones. 


lution, a weaker caustic soda is used when 
making HWM rayon. Second, neither the al¬ 
kali crumbs (#1 above) nor the viscose solu¬ 
tion (step #2) is aged in the HWM process. 
Third, when making HWM rayon, the fila¬ 
ments are stretched to a greater degree than 
when making regular rayon. 

Quality Control 

As with most chemically oriented processes, 
quality control is crucial to the successful 
manufacture of rayon. Chemical make-up, 
timing and temperature are essential factors 
that must be monitored and controlled in 
order to produce the desired result. 

The percentages of the various fibers used in 
a blended fabric must be controlled to stay 
within in the legal bounds of the Textile 
Fiber Identification Act. This act legally de¬ 
fines seventeen groups of man-made fibers. 
Six of these seventeen groups are made from 
natural material. They include rayon, acetate, 


glass fiber, metallics, rubber, and azion. The 
remaining eleven fabrics are synthesized 
solely from chemical compounds. They are 
nylon, polyester, acrylic, modacrylic, olefin, 
spandex, anidex, saran, vinal, vinyon, and 
nytril. 

Within each generic group there are brand 
names for fibers which are produced by dif¬ 
ferent manufacturers. Private companies 
often seek patents on unique features and, as 
could be expected, attempt to maintain legal 
control over their competition. 

Byproducts 

As one of the industry’s major problems, the 
chemical by-products of rayon have received 
much attention in these environmentally con¬ 
scious times. The most popular method of 
production, the viscose method, generates 
undesirable water and air emissions. Of par¬ 
ticular concern is the emission of zinc and 
hydrogen sulfide. 
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At present, producers are trying a number of 
techniques to reduce pollution. Some of the 
techniques being used are the recovery of 
zinc by ion-exchange, crystallization, and the 
use of a more purified cellulose. Also, the 
use of absorption and chemical scrubbing is 
proving to be helpful in reducing undesirable 
emissions of gas. 

The Future 

The future of rayon is bright. Not only is 
there a growing demand for rayon world¬ 
wide, but there are many new technologies 
that promise to make rayon even better and 
cheaper. 

For a while in the 1970s there was a trend in 
the clothing industry toward purely synthetic 
materials like polyester. However, since 
purely synthetic material does not “breath” 
like natural material, these products were not 
well received by the consumer. Today there 
is a strong trend toward blended fabrics. 
Blends offer the best of both worlds. 

With the present body of knowledge about 
the structure and chemical reactivity of cellu¬ 
lose, some scientist believe it may soon be 
possible to produce the cellulose molecule 
directly from sunlight, water and carbon 
dioxide. If this technique proves to be cost 
effective, such hydroponic factories could 
represent a giant step forward in the quest to 


provide the raw materials necessary to meet 
the world wide demand for man-made fabric. 

Where To Learn More 

Books 

Corbman, Bernard P. Textiles: Fiber to 
Fabric , 6th ed. McGraw-Hill, 1983. 

Hollen, Norma, Jane Saddler, Anna 
Langford, and Sara Kadolph. Textiles, 6th ed. 
Macmillan, 1988. 

Periodicals 

Foley, Theresa M. “Rayon Fiber 
Manufacturer Shuts Down, Threatening U.S. 
Booster Production.” Aviation Week & Space 
Technology. November 7, 1988, p. 29. 

Smith, Emily T. “A Safe Shortcut around the 
Toxic Road to Rayon.” Business Week. 
February 11, 1991, p. 80. 

Templeton, Fleur. “From Log to Lingerie in 
a Few Easy Steps.” Business Week. April 6, 
1992, p. 95. 

“Turning Com and Paper into Rayon.” USA 
Today. June, 1991, p. 7. 

—Dan Pepper 
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Background 

Prior to the development of artificial refriger¬ 
ation techniques during the 1800s, people 
utilized a variety of means to chill and pre¬ 
serve foodstuffs. For centuries, ice served as 
the principal refrigerant. Ironically, the an¬ 
cient Indians and Egyptians pioneered an ice¬ 
making technique that served as the 
conceptual basis for the first “modem” re¬ 
frigerators developed during the nineteenth 
century: evaporation. The relatively quick 
evaporation of a liquid creates an expanding 
volume of gas. As water vapor rises, its ki¬ 
netic energy increases dramatically, in part 
because the warm vapor is drawing in energy 
from its surroundings, which are cooled by 
this process. The Indians and Egyptians took 
advantage of this phenomenon by placing 
wide, shallow bowls filled with water outside 
during the cool nights. As some water 
quickly evaporated, the remaining water 
cooled, forming ice. With this method, it 
was possible to create sizeable chunks of ice 
that could then be used to cool food. 

Using a more primitive means of procuring 
ice, the ancient Chinese simply transported it 
from the mountains to cool their food; later, 
the Greeks and Romans adopted this practice. 
To preserve the ice itself, people stored it in 
pits or caves insulated with straw and wood, 
by which means they could maintain a supply 
of ice for months. In industrialized nations, 
ice served as the primary method of chilling 
food through the nineteenth century, when 
people inserted blocks of ice in insulated cab¬ 
inets alongside the food they wished to store. 
Even today, in many developing nations ice 
remains the sole available refrigerant. 

The first known attempt to develop an artifi¬ 
cial refrigerator took place in Scotland at the 


University of Glasgow. There, in 1748, 
William Cullen revived the ancient Indian- 
Egyptian practice of freezing liquid by means 
of evaporation, although he accelerated the 
process by boiling ethyl ether into a partial 
vacuum (ethyl evaporates more quickly than 
water). Cullen attempted this merely as an ex¬ 
periment, as did American Oliver Evans, who 
designed another refrigerator in 1805. 
Evans’s machine, based on a closed cycle of 
compressed ether, represented the first effort 
to use simple vapor instead of vaporizing a 
liquid. While Evans never developed his ma¬ 
chine beyond the prototype stage, in 1844 an 
American doctor named John Gorrie actually 
built a very similar machine to provide ice for 
the hospital in which he worked. Gome’s 
machine compressed air that was next cooled 
with water. The cooled air was then routed 
into an engine cylinder, and, as it re-ex- 
panded, its temperature dropped enough so 
that ice could be made. 

In 1856 another American, Alexander 
Twinning, began selling a refrigeration ma¬ 
chine based on the same vapor-compression 
principle, and soon after that Australian 
James Harrison enlarged the American de¬ 
sign (meant to be used in individual homes) 
for the meat-packing and beer-making indus¬ 
tries. Three years later, Ferdinand Carre re¬ 
fined the basic concept underlying all of 
these refrigerators when he introduced am¬ 
monia as a coolant. Ammonia represented 
an advance because it expands more rapidly 
than water and can thus absorb more heat 
from its environs. Carre also contributed 
other innovations. His refrigerator operated 
by means of a cycle in which a refrigerant 
vapor (ammonia) was absorbed in a liquid (a 
mixture of ammonia and water) that was sub¬ 
sequently heated. The heat caused the refrig- 


The first known attempt to 
develop an artificial 
refrigerator took place in 
Scotland at the University 
of Glasgow. There, in 
1748, William Cullen 
revived the ancient Indian- 
Egyptian practice of 
freezing liquid by means 
of evaporation, although 
he accelerated the process 
by boiling ethyl ether into 
a partial vacuum (ethyl 
evaporates more quickly 
than water). 
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The outer cabinet and door, made 
of sheet metal, are either welded or 
clinched together. While some 
manufacturers also use sheet metal 
for the inner cabinet, some manu¬ 
facturers and some models use 
plastic for inner liners. The plastic 
liners are made by vacuum form¬ 
ing. In this process, a thick piece of 
plastic slightly larger than the fin¬ 
ished part has its outer edges 
clamped and is then heated. The hot 
plastic is next pulled by vacuum into 
a mold and cooled. After trimming, 
the resulting part is ready for as¬ 
sembly. 


erant to vaporize, thereby creating a cooling 
effect (after it vaporized, the refrigerant was 
condensed so that it could once again be ab¬ 
sorbed in the liquid, repeating the cycle). 
Carre’s machine not only sold extremely 
well, it also inaugurated modem refrigeration 
by upgrading Evans’s compression concept 
and adding a more sophisticated refrigerant. 
These components remain the basis of most 
refrigerators used today. 

Ammonia itself posed several problems, 
however. While it served as a very effective 
coolant, it was both odiferous and poisonous 
when it leaked, and it quickly disappeared 
from refrigeration after synthetic alternatives 
were developed during the 1920s. The best 
known of these, patented by Du Pont under 
the name freon, was created by chemically 
altering the methane molecule, substituting 
two chlorine and two fluorine atoms for its 
four hydrogen atoms. The resulting gas 
(technically, dichlorofluoromethane) was 
hailed because its low boiling point, surface 
tension, and viscosity rendered it an ideal— 
and ostensibly problem-free—refrigerant. 
Later, in the 1970s, scientists realized that 
freon posed problems of its own related to 
the environment (see “Environmental 
Concerns” section below) and began search¬ 
ing for new agents to use in refrigeration. 

Raw Materials 

Refrigerators today consist of several basic 
components: the exterior cabinet and door, 


the inner cabinet or liner, the insulation in¬ 
serted between the two, the cooling system, 
the refrigerant, and the fixtures. The cabinet 
and door are made of aluminum or steel sheet 
metal that is sometimes prepainted. The 
metal is generally purchased in a coil that is 
either fed directly into the manufacturing 
process or cut to size and fed sheet by sheet. 
The inner cabinet is made of sheet metal, like 
the outer cabinet, or of plastic. The insula¬ 
tion that fills the gap between the inner and 
outer cabinets consists of fiberglass or poly¬ 
foam. The components of the cooling sys¬ 
tem (compressor, condenser, coils, fins) are 
made of aluminum, copper, or an alloy. The 
tubing is usually copper, because of that 
metal’s ductility—its ability to bend without 
breaking. Freon remains the most commonly 
used refrigerant, and almost all of the large 
interior fixtures (door and cabinet liners) are 
made from vacuum-formed plastic; smaller 
fixtures (butter compartments, egg trays, 
salad crispers) are purchased as small plastic 
blanks or in pre-formed pieces. 

Design 

The contemporary refrigerator is based on two 
basic laws of physics: one, that heat flows 
from warmer material to cooler materials and 
never the reverse; two, that decreasing the 
pressure of a gas also decreases its tempera¬ 
ture. Although refinements have been made 
since Carre introduced his model during the 
late nineteenth century, these basic principles 
are still visible in today’s refrigerators. 
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Refrigerators work by removing the warmth 
from the air within their interior compart¬ 
ments and relaying that heat to the air out¬ 
side. The coolant (freon) accomplishes this 
transfer as it passes through a circuit, moving 
from the evaporator to the condenser. 
Beginning in the evaporator, which lies in¬ 
side an insulated cabinet, the freon is heated. 
Because it has been made to boil, the freon 
draws heat from the air within the refrigera¬ 
tor. Having absorbed this heat, the freon is 
then routed to the condenser. In this set of 
copper coils (usually mounted at the back or 
on the bottom of the refrigerator), the freon 
condenses—returns to a liquid state—trans¬ 
ferring its heat into the outside air as it does 
so. After cooling, the freon then returns to 
the evaporator, where it is once again heated 
and begins to absorb heat from the food 
stored within the refrigerator. Sometimes, to 


increase their surface area (and thus facilitate 
thermal transfer), the evaporator and the con¬ 
denser are fitted with metal fins. 

For defrosting, a coil is wrapped around the 
freezer unit. When the timer reaches defrost, 
the refrigerant is passed through this coil 
while it is hot to raise the temperature and 
melt the ice. The coil is generally positioned 
away from any ice makers to prevent the ice 
cubes from melting and freezing together. 

The Manufacturing 
Process 

Outer cabinet and door 

1 Pieces of sheet metal are either welded or 
clinched together. Clinching is a process 
closely resembling stapling in that the two 


A refrigerator works by removing 
the warmth from the air within its in¬ 
terior compartments and relaying 
that heat to the air outside. 
Beginning in the evaporator, the 
freon is heated and begins to draw 
heat from the air within the refriger¬ 
ator. Having absorbed this heat, the 
freon is then routed to the con¬ 
denser by the compressor. In this set 
of copper coils (usually mounted at 
the back or on the bottom of the re¬ 
frigerator), the freon returns to a liq¬ 
uid state, transferring its heat into 
the outside air as it does so. After 
cooling, the freon returns to the 
evaporator, where the cycle begins 
again. 
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pieces are crimped together under pressure, 
though no additional pieces such as staples 
are added. If the part of the cabinet is to be 
visible, it will be welded and ground down to 
appear as one piece. The extent to which the 
welding process is automated depends on the 
company and the number of refrigerators 
being produced. 

2 If the sheet metal was not purchased in 
precoated form, it is now painted. Some 
manufacturers use spray equipment to lay a 
uniform coat of paint on the metal. Others 
dip the parts in a paint/solvent mixture before 
heating them to bake the paint onto the sur¬ 
face. ' 

Inner cabinet 

3 The inner cabinet is sometimes made 
from sheet metal very similar to the outer 
shell. Any seams are caulked to improve in¬ 
sulation and looks. Some manufacturers and 
some models use plastic for inner liners; for 
example, the inner door is almost exclusively 
made from plastic today. The plastic liners 
are vacuum formed. In this process, a thick 
piece of plastic slightly larger than the fin¬ 
ished part has its outer edges clamped and is 
then heated. The hot plastic is next pulled by 
vacuum into a mold and cooled. After trim¬ 
ming, the resulting part is ready for assembly. 

The inner cabinet is inserted into the outer 
cabinet, and the two are snapped together 
before the fixtures are inserted. Some tubes 
and wires are run through the gap between the 
two before it is filled with insulation. A dis¬ 
pensing device (sometimes robotically oper¬ 
ated, sometimes a manually operated long 
‘gun’) inserts foam between the walls. When 
heated in an oven, this foam expands to add 
rigidity and insulation to the cabinet. A simi¬ 
lar process is used for the doors. 

Cooling system 

The refrigeration components are at¬ 
tached to the cabinet using screws and 
clips. The tubing is soldered together, and a 
protective coating is sprayed on the joints. 
The order of this assembly varies between 
manufacturers and models. The copper tub¬ 
ing from which the coils (condensers and 
evaporators) have separately been cut, bent, 
and soldered is then attached to the refrigera¬ 
tor as a unit. 


6 The seal on the refrigerator door is cre¬ 
ated by means of magnet laden gaskets 
that are attached to the doors with screws. 
Handles and hinges are also screwed onto the 
door before its hinges are screwed onto the 
cabinet. Some adjustment is allowed for 
proper operation of the door. 

Testing and adding accessories 

7 Most manufacturers mix testing with 
manufacturing from this point on. The 
unit is leak tested with nitrogen (a safe gas 
that makes up about 79 percent of the air); if 
it passes, it is charged with refrigerant and 
subjected to further testing. Next, the acces¬ 
sories (shelves, crispers, ice trays, etc.) are 
added and taped down for shipping. The unit 
is given a final look and then packaged for 
shipping. 

Quality Control 

As mentioned above, all subassemblies of 
tubing that will contain refrigerant are pres¬ 
sure-tested with nitrogen, which will reveal 
any flaws in the tubing and in the soldering 
that joins it. The entire unit is also leak- 
tested prior to charging with freon. Once 
charged, the unit is tested as a whole to en¬ 
sure that it is capable of reaching design tem¬ 
peratures including those necessary during 
the defrost cycle. The unit is operated with 
sensors inside that determine the temperature 
changes over time. Sometimes the refrigerant 
pressures are also measured. The unit is then 
subjected to a final ‘sniff test by a machine 
that detects refrigerant to ensure that no leaks 
have developed during testing. 

Byproducts/Waste 

Metal components that are rejected are sold 
to metal recycling companies. Plastic com¬ 
ponents are ground into small pieces and ei¬ 
ther reused as raw material or returned to the 
vendor for reuse. If a unit is rejected after it 
has been charged, the refrigerant is drained 
by special equipment and reused. 

Environmental Concerns 

In the mid-1970s, scientists began to under¬ 
stand that as gases in the chlorofluorocarbon 
(CFC) group, which includes freon, waft up¬ 
ward into the stratosphere (the upper layer of 
the atmosphere), they gradually decompose. 
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releasing chlorine atoms as they do so. The 
problem with this is that each chlorine atom 
can destroy tens of thousand of ozone mole¬ 
cules, ozone being the triatomic form of oxy¬ 
gen that comprises a protective layer in the 
stratosphere, absorbing much solar ultravio¬ 
let radiation that would harm animal life if it 
reached the earth’s surface. As researchers 
realized that CFC emissions were exacerbat¬ 
ing the hole in the ozone layer over the 
Antarctic continent, public pressure to limit 
emissions mounted. In 1987, representatives 
from nations around the globe signed an 
agreement, the Montreal Protocol on 
Substances that Deplete the Ozone Layer, in 
which they agreed to phase out production of 
the chemicals known to deplete the ozone 
layer, including freon. Unfortunately, chlo- 
rofluorocarbons are also present in the poly¬ 
styrene foam that some manufacturers use as 
an insulator between the external case and 
the interior lining of their refrigerators. So, 
efforts to reduce the CFC emissions from re¬ 
frigerators are presently continuing on two 
fronts, as manufacturers attempt to find alter¬ 
natives to both the coolant freon and the in¬ 
sulator polystyrene. 

The Future 

In terms of freon, several intermediate steps 
have been taken to minimize CFC emission 


as researchers attempt to identify safe 
coolant alternatives. Refrigerator designs 
have been improved to reduce the amount of 
freon needed; leak detection systems have 
been installed; maintenance has been limited 
to trained, authorized personnel; and refrig¬ 
erant is recovered and recycled whenever 
possible. Moreover, long-term replacements 
for freon are being explored. Thus far, the 
most promising among them is HCFC-22, 
which, although still a chlorofluorocarbon, 
contains an additional hydrogen atom that re¬ 
duces the molecule’s ozone-depletion capac¬ 
ity by 95 percent. While its cost (three to 
five times greater than that of freon) is prob¬ 
lematic, HCFC-22 is presently undergoing 
tests to determine its toxicity. 

CFC-containing insulation may be replaced 
by the same kind of vacuum insulation that is 
used in thermos bottles. Research indicates 
that vacuum insulation is more efficient in 
terms of both space and energy, so, at present, 
it appears that insulation alternatives will be¬ 
come viable well before freon substitutes. 

Where To Learn More 

Books 

Boast, Michael F. Newnes Refrigeration 
Pocket Book. Butterworth-Heinemann, 1991. 


The space between the inner and 
outer cabinets is filled with foam in¬ 
sulation, usually polystyrene, which 
can be inserted manually or auto¬ 
matically by a robot. When healed 
in an oven, this foam expands to 
add rigidity and insulation to the 
cabinet. 

Because this insulation releases 
CFCs, which contribute to the de¬ 
struction of the ozone layer, re¬ 
searchers are searchi ng for 
substitutes. The polystyrene may be 
replaced by the same kind of vac¬ 
uum insulation that is used in ther¬ 
mos bottles, since vacuum insulation 
is more efficient in terms of both 
space and energy. 


3 59 








How Products Are Made, Volume 1 


Cerepnalkovski, I. Modern Refrigerating 
Machines. Elsevier Science Publishing, 
1991. 

Dellino, Clive V. Cold and Chilled Storage 
Technology. Van Nostrand Reinhold, 1989. 

Marsh, R. Warren and Olive C. Throats. 
Principles of Refrigeration. Delmar Pub¬ 
lishers Inc., 1979. 

Stoecker, W. F. and J. W. Jones. Refrig¬ 
eration & Air Conditioning. McGraw-Hill, 
1982. 

Periodicals 

“Refrigeration’s Revitalization.” Appliance, 
February 1993, pp. 54-58. 


“Refrigerator Doors Have a ‘Clear’ Edge.” 
Design News. January 7, 1991, p. 33. 

“A $30-million Super-Efficient Refrigerator.” 
Electrical World. July, 1992, p. 30. 

Marbach, William D. “Now, An Icebox 
That’s Cool for the Environment.” Business 
Week. July 22, 1991, p. 65. 

Murray, Charles J. “Plastic Welding Tech¬ 
nique Aids Refrigerator Assembly: Special 
Parts Replace Metal Anchors on Refrigerator 
Liners.” Design News. February 15, 1988, p. 
230. 

—Barry M. Marton 


3 60 



Revolver 


Background 

The term “handgun” refers to any small 
firearm intended for use with one hand only. 
Currently, the two most important types of 
handguns are revolvers and automatic pistols. 
The key distinction between the two is that 
the former contains a cylindrical magazine 
(the firearm compartment from which car¬ 
tridges, or bullets, are fed into the barrel) with 
multiple chambers that enable the shooter to 
fire repeated shots without pausing to reload. 
An automatic (self-loading) pistol feeds car¬ 
tridges into the barrel from a detachable mag¬ 
azine that is inserted through the bottom of 
the butt (the gun’s handle). This type of pis¬ 
tol utilizes some of the recoil force from each 
cartridge firing to feed the next cartridge into 
its single chamber. As the two varieties differ 
widely in design and production, this article 
will concentrate on the revolver. 

The earliest firearms ensued from the inven¬ 
tion of black powder, a precursor of gunpow¬ 
der developed in China during the ninth 
century a.d.; among other things, the Chinese 
apparently used their invention to propel 
primitive rockets. The recipe and uses for 
black powder were eventually transmitted to 
Europe by Mongol conquerors, and it was the 
Europeans who perfected the substance dur¬ 
ing the fourteenth century. Within one hun¬ 
dred years, the first small arms were being 
developed. However, early handguns re¬ 
mained troublesome for several centuries. 
For one thing, very few people could shoot 
them accurately (sighting targets proved eas¬ 
ier with the long barrel of a musket to serve as 
a guide). Another problem was that their fire¬ 
power had to be minimal if soldiers were to 
fire them with one hand. Until the mid-eigh¬ 
teenth century, most handguns could hold 


only one cartridge at a time, and this had to be 
loaded through the gun’s muzzle (barrel). 

The handgun became vastly improved in 
1835, when Samuel Colt patented the first 
workable revolver, which became known as 
the cap-and-ball. Although Colt’s handgun 
still had to be front-loaded, its revolving 
cylinder contained five or six chambers, and 
the shooter advanced it automatically by 
cocking the hammer (earlier models had re¬ 
quired shooters to align each chamber and 
depress the hammer separately). Later im¬ 
provements yielded a cartridge revolver that 
did not have to be loaded through the muz¬ 
zle, better ejection designs, and double-ac¬ 
tion cocking mechanisms. 

By the end of the nineteenth century, when 
handguns incorporating these innovations 
were being mass produced, the revolver had 
reached its mature form. It remained the 
weapon of choice for military personnel until 
the second decade of the twentieth century, 
when it was replaced by automatic pistols. 
Although many predicted that the advent of 
the automatic model would render the re¬ 
volver obsolete, it has remained popular. 
Today, revolvers continue to be used along¬ 
side automatic pistols by police officers, 
members of the armed forces, and target 
shooters throughout the world. 

Design 

To understand how a revolver is made, it is 
important to know how each subsystem func¬ 
tions within the weapon. A revolver contains 
four main subsystems: the Frame Group: the 
Cylinder, Extractor, and Crane Group; the 
Barrel and Sight Group; and the Trigger, 
Timing Hand, and Hammer Group. 


In 1835, Samuel Colt 
patented the first workable 
revolver, which became 
known as the cap-and-ball. 
Although Colt's handgun 
had to be front-loaded, its 
revolving cylinder 
contained five or six 
chambers, and the shooter 
advanced it automatically 
by cocking the hammer 
(earlier models had 
required shooters to align 
each chamber and 
depress the hammer 
separately). 
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Most revolver parts begin as steel or 
stainless steel blanks that are forged 
into close approximations of the de¬ 
sired parts. In forging, a heated 
blank is put into a forging press and 
impacted with several hundred tons 
of force. This impact forces the 
metal into the forging die, a steel 
block with a cavity shaped like the 
part being produced. After anneal¬ 
ing or heat treating the parts, they 
undergo basic machining processes 
such as milling, drilling, and tap¬ 
ping. Modern machining centers 
are automated, computer-controlled 
devices. 


The Frame Group consists of the main 
frame, the trigger guard, and the hand grip. 
Its purpose is to provide a strong frame to 
contain the powerful force of the cartridge 
discharge, position the shooter’s hand cor¬ 
rectly, and insure that the trigger functions 
precisely. Designs vary slightly due to man¬ 
ufacturers’ patents, but the operation is basi¬ 
cally the same. Some frames have a 
removable sideplate that provides access to 
the trigger group, while others insert the trig¬ 
ger group as a separate assembly though the 
bottom of the frame. All modem revolvers 
utilize a frame design incorporating a solid 
top strap that connects the top of the grip area 
to the barrel mounting area, reinforcing the 
structural integrity of the frame. 

The Cylinder, Extractor, and Crane Group 
consists of the cylinder itself, the shaft upon 
which it rotates, the extractor, the extractor 
shaft, a return spring, and the crane. The 
cylinder commonly contains six chambers 
for six cartridges of the correct caliber 
arranged in a circle. The rim, or outer edge 
of the cartridge base, rests upon a semicircu¬ 
lar ledge formed by the extractor, which con¬ 
tains six small depressions in the center. The 
outside of the cylinder has six corresponding 
locking grooves. The cylinder rotates on the 
cylinder pin, which locks into the frame on 
one end and the crane on the other end. 


While the inside of the frame supports the 
base of the cartridge, the forcing cone on the 
barrel helps the bullet accurately jump the 
gap between the cylinder face and the barrel. 

The Barrel and Sight Group is very impor¬ 
tant to the accuracy of the weapon. Threaded 
onto the frame, the barrel receives the bullet 
from the chamber upon firing. Inside, the 
barrel is rifled, or inscribed with a series of 
grooves that impart a stabilizing spin to bul¬ 
lets as they leave the gun. The sights consist 
,of a Rear Sight with its groove or notch and a 
Front Sight which is typically shaped like a 
blade or post. The notch and the top of the 
blade, which can be adjusted, are aligned to 
help shooters aim. Most high quality re¬ 
volvers feature sights purchased from com¬ 
panies whose specialty is fine mechanisms. 
Optical sights, low-and no-light sights, and 
lasers are also available. 

The Trigger Group is best explained by de¬ 
scribing the firing sequence, initiated when 
the shooter pulls back on the hammer spur. 
This action compresses, or cocks, the hammer 
spring and pushes the timing hand connecting 
the hammer to the trigger group into an ex¬ 
tractor depression, rotating the cylinder to 
align that chamber and the barrel. The trigger 
mechanism latch engages the locking 
grooves, stopping further rotation and secur- 
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Revolver 


RIFLING THE BARREL 



Cutting 

tool 


BLUEING 



The barrel of the revolver contains 
rifling—a series of grooves with a 
precise twist that cause the bullet to 
spin as it exits the gun. To produce 
the rifling, a worker draws a 
broach-like cutting tool through the 
barrel blank repeatedly, removing 
metal to approximately .01 inch 
deep. In an alternative method 
called "button rifling," a hardened 
form tool is drawn through the bar¬ 
rel blank under high force, displac¬ 
ing the metal in the grooves without 
cutting. This is similar in some re¬ 
spects to the forging operation, only 
it is done without heating the barrel. 


ing the cylinder for firing. At the end of the 
travel, the hammer is latched by the trigger 
sear and held ready for firing. When the trig¬ 
ger is fully depressed, the hammer unlatches 
from the trigger sear and is propelled forward 
by the hammer spring. This energy is trans¬ 
mitted to the firing pin, which strikes the 
primer of the cartridge, firing the weapon. 
This sequence of firing is called single action. 

With the advent of the double action design, a 
connection bar was used to allow the trigger 
to rotate the cylinder, cock the hammer, and 
complete the firing in one motion. This de¬ 
sign promoted an increase in rate of firepower 
and simplified the draw and fire situation. 
Most modem revolvers are of the double ac¬ 
tion design. After firing, the shooter releases 
the trigger. The trigger spring then returns 
the trigger to the forward position and forces 
the hand and latch to retract within the frame 
in preparation for the next shot. Once the car¬ 
tridges have been fired, the cylinder latch on 
the side of the frame is pressed, disengaging 


the cylinder pin from the frame. This allows 
the entire assembly to swing out of the frame 
on the crane for reloading. The extractor shaft 
is pressed, lifting the cartridge cases out of 
their chambers, after which the cylinder 
spring returns the extractor to the cylinder. 
Live cartridges are again loaded and the 
cylinder is then simply pushed back into the 
frame, where the cylinder pin spring latches it 
back into place. 

Raw Materials 

With the exception of the grips, which may 
be wood or plastic, nearly all components of 
the revolver are metal. Steel was the primary 
metal until changes in its availability and ad¬ 
vances in other metals rendered them more 
desirable. For example, during the 1860s, the 
disruption in the steel supply caused by the 
Civil War led to the use of brass for revolver 
frames. During World War II, the need for a 
lightweight weapon for use by aircraft crews 
brought about the use of a aluminum alloy 


36 3 




How Products Are Made, Volume 1 


frame. The stainless steel frame and barrel 
soon followed, improving corrosion resis¬ 
tance and reducing maintenance. 

The Manufacturing 
Process 

Forging the components 

I The major components of most revolvers 
begin as a group of steel or stainless steel 
blanks that are forged into close approxima¬ 
tions of the desired parts. The basic shape of 
each part is formed by placing a heated blank 
of material into a forging press and impact¬ 
ing it with several hundred tons of force. 
This impact forces the metal into the forging 
die, a steel block with a cavity shaped like 
the part being produced. Sometimes, multi¬ 
ple strikes by the press are required, each 
with a more precise die than the previous 
step. The resulting part is both extremely 
strong and very similar to final shape. 

Annealing and machining 

After forging, the flow patterns of the 
metal must be stabilized by heat treating. 
This procedure consists of reheating the parts 
in a controlled atmosphere to relieve internal 
stresses without reducing the metal’s inher¬ 
ent strength. 

3 Machining can now begin on the frame, 
cylinder, and other component parts. 
Most modem revolvers are manufactured on 
automated, computer-controlled machining 
centers and lathes. However, a number of 
manufacturers have had such excellent ser¬ 
vice and results with some of their machines 
that they continue to utilize fifty-year-old 
equipment. Regardless of whether older or 
modem equipment is used, the basic process 
actions of milling, drilling, and tapping are 
essentially the same. The tolerances on this 
machining must be held within one or two 
thousandths of an inch. All of the compo¬ 
nents, from the screws to the trigger, are ma¬ 
chined using similar processes. 

4 To effectively machine the raw forging, a 
worker clamps it into a holding apparatus 
that secures the part during machining. 
Properly designed fixtures also contain tool 
guides and bushings to support the cutting 
tool and increase accuracy. Many of the op¬ 
erations performed will require several spe¬ 


cialized fixtures. Cylinders, screws, shafts, 
and barrels are made on lathes while frames, 
sideplates, sights, and triggers are made on a 
milling and machining center. 

Rifling the barrel 

One of the most unique processes is the 
rifling of the barrel. Rifling is essentially 
a series of grooves within the barrel. These 
grooves have a precise twist that, through 
contact with the bullet circumference, causes 
the bullet to spin during firing. This rate of 
twist is about 1 turn in 16 inches (40.6 cen¬ 
timeters). To produce the rifling, a worker 
subjects the barrel to either the cutting or the 
button rifling process. Cutting is accom¬ 
plished by drawing a broach-like cutting tool 
through the barrel blank repeatedly, remov¬ 
ing metal to approximately .010 inch (.025 
centimeter) deep. Cutting marks and other 
scratches within the rifling can impair accu¬ 
racy by damaging the bullet, which throws it 
out of balance. However, one advantage of 
these marks is that they are different in every 
gun barrel, producing unique rifling imprints 
on the bullets they fire. This is how law en¬ 
forcement specialists match bullets to the 
gun that fired them. 

6 Button rifling refers to an operation in 
which a hardened form tool is drawn 
through the barrel blank under high force, 
displacing the metal in the grooves without 
cutting. This is similar in some respects to 
the forging operation, only it is done without 
heating the barrel. The advantages of button 
rifling are increased production, no chip for¬ 
mation, and improved surface quality. 

Applying protective coatings 

7 After machining, the metal surfaces of 
most steel or aluminum weapons receive 
a protective coating to reduce corrosion. 
Commonly referred to as blueing, this 
process entails submersing the parts in tanks 
of acid and other chemicals. In these vats, 
the chemicals react with the metal to produce 
a durable barrier against the elements. 
Chrome and gold plating, parkerizing, and 
anodizing (for aluminum) are some variants 
of the blueing process, while plating, another 
means of applying a protective coat,is ac¬ 
complished by setting up an electric current 
between the parts and the supply anode, 
which consists of another type of metal. The 
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A revolver contains 4 main subsys¬ 
tems: the Frame Group; the 
Cylinder, Extractor, and Crane 
Group; the Barrel and Sight Group; 
and the Trigger, Timing Hand, and 
Hammer Group. Most modem re¬ 
volvers are of the double action de¬ 
sign, in which the trigger rotates the 
cylinder, cocks the hammer, and 
completes the firing in one motion. 


electrical path carries molecules of the plat¬ 
ing metal to the component, where they bond 
very tightly to the surface. 

Assembly 

8 The entire weapon is assembled by one 
person who fits all of the components, 
many of them manually. While dimensional 
control has improved significantly over the 
past twenty years, the timing of the trigger 
and hand mechanism and the crispness of the 
trigger pull are still set by hand. Most manu¬ 
facturers have grades of fitting quality; for 
example, the trigger pull of a service weapon 
that will be used by police is set heavier than 
that of a target or specialty handgun. One 
would expect to exert a more determined ef¬ 
fort to discharge a weapon in a law enforce¬ 
ment setting, while at the target range the 
lighter trigger pull is desirable to increase ac¬ 
curacy. Once the weapon has been put to¬ 
gether, any necessary filing, polishing, and 
tuning will be performed before testing. 


Quality Control 

After assembly and fine tuning, the weapon 
is dry fired (without ammunition) and 
checked for function before being sent to the 
firing line for proof firing. The first phase of 
the proof firing process entails inspecting 
and recording the gun’s trigger weighting, 
sights, and cylinder spacing. Next, the gun is 
loaded with special ammunition and fired. 
Industry standards dictate the types and rela¬ 
tive power of the proofing cartridges. They 
are typically heavier charged than the service 
cartridge, assuring that any weakness in the 
gun will be detected before it is placed into 
service. The gun is then packaged and 
shipped to law enforcement agencies, mili¬ 
tary contractors, and federally licensed 
weapons dealers. 

The Future 

From the manufacturing standpoint, the 
handgun is still making use of new materials 


3 6 5 



How Products Are Made, Volume 1 


and processes, even though the design is 
quite mature. With the advent of investment 
castings, net shape forgings, and lightweight 
alloys, revisions to the standard design will 
continue. From a social perspective, the 
handgun has been the center of increasing 
debate since the 1960s. Many people have 
contended that limiting access to guns and 
ammunition would reduce violence in the 
United States. However, such proposals 
have been counterbalanced by a popular in¬ 
terpretation of the Second Amendment to the 
Constitution, which many believe guarantees 
individual citizens the right to bear arms. 
This debate continues in both the media and 
various state and federal legislatures. As of 
today, revolvers remain popular with law en¬ 
forcement officers and military personnel. In 
addition, ordinary citizens can purchase and 
utilize them with relative ease, as the con¬ 
straints that some states have recently im¬ 
posed upon gun purchasers are generally 
limited to mandatory waiting periods that en¬ 
able salespeople to perform background 
checks. 


Where To Learn More 

Books 

Gould, A. C. Modem American Pistols and 
Revolvers. Wolfe Publishing, 1987. 

Grennell, Dean A. Handgun Digest, 2nd ed. 
DBI Books, 1991. 

Long, Duncan. Combat Revolvers: The Best 
(and Worst) Modern Wheelguns. Paladin 
Press, 1989. 

Newton, Michael. Armed and Dangerous: A 
Writer’s Guide to Weapons. Writer’s Digest 
Books, 1990. 

Pistols and Revolvers: A Handbook. Gordon 
Press, 1989. 

Wood, J. B. Gun Digest Book of Firearms 
Assembly — Disassembly, Part II: Revolvers. 
DBI Books, 1990. 

—Douglas E. Betts 
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Rubber Band 


Background 

Rubber bands are one of the most convenient 
products of the twentieth century, used by 
numerous individuals and industries for a 
wide variety of purposes. The largest con¬ 
sumer of rubber bands in the world is the 
U.S. Post Office, which orders millions of 
pounds a year to use in sorting and delivering 
piles of mail. The newspaper industry also 
uses massive quantities of rubber bands to 
keep individual newspapers rolled or folded 
together before home delivery. Yet another 
large consumer is the agricultural products 
industry. The flower industry buys rubber 
bands to hold together bouquets or uses deli¬ 
cate bands around the petals of flowers (es¬ 
pecially tulips) to keep them from opening in 
transit. Vegetables such as celery are fre¬ 
quently bunched together with rubber bands, 
and the plastic coverings over berries, broc¬ 
coli, and cauliflower are often secured with 
rubber bands. All in all, more than 30 mil¬ 
lion pounds of rubber bands are sold in the 
United States alone each year. 

Rubber, which derives from plants that grow 
best in an equatorial climate, was first dis¬ 
covered by European explorers in the 
Americas, where Christopher Columbus en¬ 
countered Mayan indians using water-proof 
shoes and bottles made from the substance. 
Intrigued, he carried several Mayan rubber 
items on his return voyage to Europe. Over 
the next several hundred years, other 
European explorers followed suit. The word 
rubber was bom in 1770, when an English 
chemist named Joseph Priestley discovered 
that hardened pieces of rubber would rub out 
pencil marks. By the late eighteenth century, 
European scientists had discovered that dis¬ 
solving rubber in turpentine produced a liq¬ 
uid that could be used to waterproof cloth. 


However, until the beginning of the 19th 
century, natural rubber presented several 
technical challenges. While it clearly had the 
potential for useful development, no one was 
able to get it to the point where it could be 
used commercially. Rubber rapidly became 
dry and brittle during cold European winters. 
Worse, it became soft and sticky when warm. 

The American inventor Charles Goodyear 
had been experimenting with methods to re¬ 
fine natural mbber for nearly a decade before 
an accident enabled him to overcome these 
problems with unprocessed mbber. One day 
in 1839, Goodyear accidentally left a piece of 
raw mbber on top of a warm stove, along with 
some sulfur and lead. On discovering his 
“mistake,” Goodyear delightedly realized that 
the mbber had acquired a much more usable 
consistency and texture. Over the next five 
years, he perfected the process of converting 
natural mbber into a usable commodity. This 
process, which Goodyear dubbed vulcaniza¬ 
tion after the Roman god of fire, enabled the 
modem mbber industry to develop. 

The first mbber band was developed in 1843, 
when an Englishman named Thomas 
Hancock sliced up a mbber bottle made by 
some New World Indians. Although these 
first rubber bands were adapted as garters 
and waistbands, their usefulness was limited 
because they were unvulcanized. Hancock 
himself never vulcanized his invention, but 
he did advance the mbber industry by devel¬ 
oping the masticator machine, a foremnner 
of the modem mbber milling machine used 
to manufacture mbber bands as well as other 
mbber products. In 1845, Hancock’s coun¬ 
tryman Thomas Perry patented the rubber 
band and opened the first mbber-band fac¬ 
tory. With the combined contributions of 


The first rubber band was 
developed in 1843, when 
an Englishman named 
Thomas Hancock sliced up 
a rubber bottle made by 
some New World Indians. 
Although these first rubber 
bands were adapted as 
garters and waistbands, 
their usefulness was limited 
because they were 
unvulcanized (uncured). 
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After the latex has been harvested 
and purified, it is combined with 
acetic or formic acid to form rubber 
slabs. Next, the slabs are squeezed 
between rollers to remove excess 
water and pressed into bales or 
blocks, usually 2 or 3 square feet. 

The rubber is then shipped to a rub¬ 
ber factory, where the slabs are 
machine cut into small pieces and 
mixed in a Banbury mixer with 
other ingredients—sulfur to vulcan¬ 
ize it, pigments to color it, and other 
chemicals to increase or diminish 
the elasticity of the resulting rubber 
bands. After being milled, the 
heated rubber strips are fed into an 
extruding machine that forces the 
rubber out in long, hollow tubes. 


PRESSING INTO BALES 



Goodyear, Hancock, and Perry, manufactur¬ 
ing effective rubber bands became possible. 

In the late nineteenth century, British rubber 
manufacturers began to foster the develop¬ 
ment of rubber plantations in British colonies 
like Malaya and Ceylon. Rubber plantations 
thrived in the warm climate of Southeast 
Asia, and the European rubber industry 
thrived as well, because now it could avoid 
the expense of importing rubber from the 
Americas, which lay beyond Britain’s politi¬ 
cal and economic control. 

Raw Materials 

Although 75 percent of today’s rubber prod¬ 
ucts are made from the synthetic rubber per¬ 
fected during World War II, rubber bands 
are still made from organic rubber because it 
offers superior elasticity. Natural rubber 
comes from latex, a milky fluid composed 
primarily of water with a smaller amount of 
rubber and trace amounts of resin, protein, 


sugar, and mineral matter. Most non-syn¬ 
thetic industrial latex derives from the rubber 
tree (Hevea brasiliensis), but various equato¬ 
rial trees, shrubs, and vines also produce the 
substance. 

,* 

Within the rubber tree, latex is found between 
the external bark and the Cambium layer, 
through which the tree’s sap flows. Distinct 
from the sap, latex serves as a protective 
agent, seeping out of and sealing over wounds 
in the tree's bark. To “tap” the substance, rub¬ 
ber harvesters cut a “V”-shaped wedge in the 
bark. They have to be careful to make their 
cuts at a depth of between .25 and .5 inch 
(.635 and 1.2 centimeters) in a mature tree (7 
to 10 inches or 17.7 to 25.4 centimeters in di¬ 
ameter), because they must reach the latex 
without cutting into the sap vessels. They 
must also take care to tap each tree in a 
slightly different place every time. At the end 
of the nineteenth century botanist Henry 
Ridley began recommending this measure, 
having noted that repeated tapping in the same 
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After being extruded, the rubber 
tubes are forced over aluminum 
poles called mandrels and cured in 
large ovens. Finally, the tubes are 
removed from the mandrels and fed 
into a cutting machine that slices 
them into finished rubber bands. 


spot swiftly killed rubber trees. After workers 
make a cut, latex oozes out and collects in a 
container attached to the tree. Tapping takes 
place every other day, and each tapping yields 
about 2 ounces (56 grams) of the substance. 
After tapping, the cut dries, and latex stops 
flowing in an hour or two. 

The Manufacturing 
Process 

Processing the natural latex 

I The initial stage of manufacturing the har¬ 
vested latex usually takes place on the 
rubber plantation, prior to packing and ship¬ 
ping. The first step in processing the latex is 
purification, which entails straining it to re¬ 
move the other constituent elements apart 
from rubber and to filter out impurities such 
as tree sap and debris. 

2 The purified rubber is now collected in 
large vats. Combined with acetic or 


formic acid, the rubber particles cling to¬ 
gether to form slabs. 

3 Next, the slabs are squeezed between 
rollers to remove excess water and 
pressed into bales or blocks, usually 2 or 3 
square feet (.6 or .9 square meter), ready for 
shipping to factories. The size of the blocks 
depends on what the individual plantation 
can accommodate. 

Mixing and milling 

4 The rubber is then shipped to a rubber 
factory. Here, the slabs are machine cut 
(or chopped) into small pieces. Next, many 
manufacturers use a Banbury Mixer, in¬ 
vented in 1916 by Femely H. Banbury. This 
machine mixes the rubber with other ingredi¬ 
ents—sulfur to vulcanize it, pigments to 
color it, and other chemicals to increase or 
diminish the elasticity of the resulting rubber 
bands. Although some companies don’t add 
these ingredients until the next stage 
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(milling), the Banbury machine integrates 
them more thoroughly, producing a more 
uniform product. 

Milling, the next phase of production, en¬ 
tails heating the rubber (a blended mass if 
it has been mixed, discrete pieces if it has not) 
and squeezing it flat in a milling machine. 

Extrusion 

6 After the heated, flattened rubber leaves 
the milling machine, it is cut into strips. 
Still hot from the milling, the strips are then 
fed into an extruding machine which forces 
the rubber out in long, hollow tubes (much as 
a meat grinder produces long strings of 
meat). Excess rubber regularly builds up 
around the head of each extruding machine, 
and this rubber is cut off, collected, and 
placed back with the rubber going into the 
milling machine. 

Curing 

7 The tubes of rubber are then forced over 
aluminum poles called mandrels, which 
have been covered with talcum powder to 
keep the rubber from sticking. Although the 
rubber has already been vulcanized, it’s 
rather brittle at this point, and needs to be 
“cured” before it is elastic and usable. To ac¬ 
complish this, the poles are loaded onto racks 
that are steamed and heated in large ma¬ 
chines. 

8 Removed from the poles and washed to 
remove the talcum powder, the tubes of 
rubber are fed into another machine that 
slices them into finished rubber bands. 
Rubber bands are sold by weight, and, be¬ 
cause they tend to clump together, only small 
quantities can be weighed accurately by ma¬ 
chines. Generally, any package over 5 
pounds (2.2 kilograms) can be loaded by ma¬ 
chine but will still require manual weighing 
and adjusting. 


Quality Control 

Sample rubber bands from each batch are 
subjected to a variety of quality tests. One 
such test measures modulus, or how hard a 
band snaps back: a tight band should snap 
back forcefully when pulled, while a band 
made to secure fragile objects should snap 
back more gently. Another test, for elonga¬ 
tion, determines how far a band will stretch, 
which depends upon the percentage of rubber 
in a band: the more rubber, the further it 
should stretch. A third trait commonly tested 
is break strength, or whether a rubber band is 
strong enough to withstand normal strain. If 
90 percent of the sample bands in a batch 
pass a particular test, the batch moves on to 
the next test; if 90 percent pass all of the 
tests, the batch is considered market-ready. 

The Future 

Rubber bands are a “mature product,” for 
which the market is not growing as quickly 
as it did several years ago. Nevertheless, the 
demand for rubber bands is steady, and not at 
all likely to fall off dramatically in the pre¬ 
dictable future. 

Where To Learn More 

Books 

Cobb, Vicki. The Secret Life of School 
Supplies. J.B. Lippincott, 1981. 

Graham, Frank and Ada Graham. The Big 
Stretch: The Complete Book of the Amazing 
"Rubber Band. Knopf, 1985. 

McCafferty, Danielle. How Simple Things 
Are Made. Subsistence Press, 1977. 

Wulffson, Don. L. Extraordinary Stories 
Behind the Invention of Ordinary Things. 
Lothrop, Lee & Shepard Books, 1981. 

—Lawrence H. Berlow 



37 0 



Running Shoe 


Background 

While most footwear protects and supports 
the foot, the running shoe goes beyond what 
one would expect of the ordinary shoe. Its 
advantages have been the subject of intense 
scrutiny in recent years, a focus that results 
from an increasingly health- and leisure-con¬ 
scious population in general, and from the 
popularity of running in particular. As more 
people have become involved in the sport, 
more and more varied equipment has become 
available to runners. Consequently, the run¬ 
ning shoe has evolved quite dramatically 
over the past 15 years. 

Running as a sport can be traced back to the 
ancient Greeks, who advocated a culture 
based on sound bodies and sound minds. 
During Greek athletic contests, runners com¬ 
peted barefoot and often naked. Later, the 
Romans mandated that their messengers 
wear thin-soled sandals. As shoemaking 
evolved through the centuries, leather be¬ 
came and remained the favored material be¬ 
cause of its durability. However, the first 
references to shoes designed specifically for 
running don’t appear until 1852, when histo¬ 
rians noted a race in which runners wore 
shoes with spiked soles. In 1900, the first 
sneaker, or all-purpose athletic shoe, was de¬ 
signed. Made primarily of canvas, this 
sneaker featured a rubber rim made possible 
by Charles Goodyear’s 1839 discovery of 
vulcanized rubber. Known about for 1,000 
years, rubber was finally rendered commer¬ 
cially useful when Goodyear heated and 
combined it with sulphur, thereby preventing 
it from hardening and losing its elasticity. In 
athletic shoes, rubber helped to cushion the 
impact of running on hard surfaces. 
However, it did not last as a shoemaking ma¬ 


terial: it was not durable, and leather re¬ 
turned as the preferred material for running 
shoes. Yet leather wasn’t the ideal fabric, ei¬ 
ther. In addition to being expensive, leather 
shoes caused chafing, and runners had to 
purchase chamois liners to protect their feet. 
A Scotsman known as “Old Man” Richings 
provided some relief when he invented a cus¬ 
tomized shoe designed with a seamless toe 
box (a piece of material inserted between the 
toe cap and the shoe lining and treated with a 
hardening agent, the toe box protects the toes 
against rubbing). 

In 1925, Adolph Dassler, a German shoe¬ 
maker, decided to concentrate on athletic 
shoes, and founded a business with his 
brother, Rudolph, to do so. The Dasslers’ 
running shoes provided both arch support 
and speed lacing, and their high-quality 
products attracted prominent athletes includ¬ 
ing some Olympians: Jesse Owens is re¬ 
ported to have worn Dassler shoes during the 
1936 games in Munich. The brothers later 
formed separate companies—Adolph, the 
Adidas company and Rudolph, the Puma 
company. Another manufacturer of running 
shoes during the mid-twentieth century was 
Hyde Athletic of New England, although the 
company specialized in football shoes. A 
1949 description of Hyde’s running shoe said 
that it featured kangaroo leather, a welt con¬ 
struction (a welt is a strip used to connect the 
upper to the sole—see “Design” section 
below), an elastic gore closure (a triangular 
piece of leather on the upper part of the 
shoe), and a leather sole covered in crepe 
rubber, a crinkly form of the material used 
especially for shoe soles. One of the most 
unusual running shoes of the mid-twentieth 
century was worn by the Japanese runner 
who won the 1951 Boston Marathon. Called 


One of the most unusual 
running shoes of the mid- 
twentieth century was 
worn by the Japanese 
runner who won the 1951 
Boston Marathon. Called 
the Tiger, his shoe was 
modeled after a traditional 
Japanese shoe that 
enclosed the big toe 
separately from the other 
toes. 
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the Tiger, his shoe was modeled after a tradi¬ 
tional Japanese shoe that enclosed the big toe 
separately from the other toes. 

During the 1960s, a company called New 
Balance began to examine how running im¬ 
pacts the foot. As a result of this research, 
New Balance developed an orthopedic run¬ 
ning shoe with a rippled sole and wedge heel 
to absorb shock. As running became more 
popular and joggers more knowledgeable, 
the demand for footwear that would help pre¬ 
vent injuries increased. Many runners also 
began to request shoes that provided support 
in a lightweight construction, and nylon, in¬ 
vented during World War II, consequently 
began to replace the heavier leather and can¬ 
vas materials previously used to make run¬ 
ning shoes. Today, however, the comfort of 
the running shoe isn’t known only to the jog¬ 
ger. Running shoes can be spotted on just 
about anyone who wants comfort in a shoe. 
In fact, running shoes have ceased to surprise 
when they appear on the feet of otherwise 
formally-attired office workers en route to 
work. In 1990, consumers spent $645 mil¬ 
lion for 15 million pairs of running shoes, 
and experts note that the majority bought 
were used for comfort rather than running. 

Raw Materials 

Running shoes are made from a combination 
of materials. The sole has three layers: in¬ 
sole, midsole, and outsole. The insole is a 
thin layer of man-made ethylene vinyl ac¬ 
etate (EVA). The components of the mid¬ 
sole, which provides the bulk of the 
cushioning, will vary among manufacturers. 
Generally it consists of polyurethane sur¬ 
rounding another material such as gel or liq¬ 
uid silicone, or polyurethane foam given a 
special brand name by the manufacturer. In 
some cases the polyurethane may surround 
capsules of compressed air. Outsoles are 
usually made of carbon rubber, which is 
hard, or blown rubber, a softer type, although 
manufacturers use an assortment of materials 
to produce different textures on the outsole. 

The rest of the covering is usually a synthetic 
material such as artificial suede or a nylon 
weave with plastic slabs or boards supporting 
the shape. There may be a leather overlay or 
nylon overlay with leather attachments. 
Cloth is usually limited to the laces fitted 


through plastic eyelets, and nails have given 
way to an adhesive known as cement lasting 
that bonds the various components together. 

Design 

The last 15 years have witnessed great 
changes in the design of the running shoe, 
which now comes in all styles and colors. 
Contemporary shoe designers focus on the 
anatomy and the movement of the foot. 
Using video cameras and computers, they 
analyze such factors as limb movement, the 
effect of different terrains on impact, and 
foot position on impact. Runners are labeled 
pronators if their feet roll inward or supina¬ 
tors if their feet roll to the outside. Along 
with pressure points, friction patterns, and 
force of impact, this information is fed into 
computers which calculate how best to ac¬ 
commodate these conditions. Designers next 
test and develop prototypes based on their 
studies of joggers and professional runners, 
readying a final design for mass production. 

A running shoe may have as many as 20 
parts to it, and the components listed below 
are the most basic. The shoe has two main 
parts: the upper, which covers the top and 
sides of the foot, and the bottom part, which 
makes contact with the surface. 

As we work our way around the shoe clock¬ 
wise, starting at the front on the upper part is 
the featherline, which forms the edge where 
the mudguard (or toeguard) tip meets the bot¬ 
tom of the shoe. Next is the vamp, usually a 
single piece of material that gives shape to 
the shoe and forms the toe box. The vamp 
also has attachments such as the throat, 
which contains the eyestay and lacing sec¬ 
tion. Beneath the lacing section is the 
tongue, protecting the foot from direct con¬ 
tact with the laces. Also attached to the 
vamp along the sides of the shoe are rein¬ 
forcements. If sewn on the outside of the 
shoe these reinforcements are called a sad¬ 
dle-, if sewn on the inside, they are called an 
arch bandage. Further towards the back of 
the shoe is the collar, which usually has an 
Achilles tendon protector at the top back of 
the shoe. The foxing shapes the rear end of 
the shoe. Underneath it is a plastic cup that 
supports the heel, the heel counter. 

The bottom has three main parts, outsole, 
midsole, and wedge. The outsole provides 
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traction and absorbs shock. The midsole is 
designed specifically for shock absorption, 
and the wedge supports the heel. Located in¬ 
side the shoe, the insole also contains the 
arch support (sometimes called the arch 
cookie). 


The Manufacturing 
Process 

Shoemaking is a labor-intensive process, and 
the cost of producing the many components 
of the running shoe reflect the skilled labor 
necessary. Each phase of production re¬ 
quires precision and skills, and taking short¬ 
cuts to reduce costs can result in an inferior 
shoe. Some running shoes (known as sliplas- 
ted shoes) have no insole board. Instead, the 
single-layer upper is wrapped around both 


the top and the bottom portions of the foot. 
Most running shoes, however, consist of an 
insole board that is cemented to the upper 
with cement. This section will focus on ce¬ 
ment-lasted shoes. 

Shipping and stamping the fabric 

1 First, prepared rolls of synthetic material 
and rolls of dyed, split, and suede leather 
(used as part of the foxing) are sent to the 
factory. 

2 Next, die machines stamp the shoe 
shapes, which are then cut out in cookie 
cutter fashion with various markings to guide 
the rest of the assembly. After being bundled 
and labeled, these pieces are sent to another 
part of the factory where theyTl be stitched. 


The first step in running shoe manu¬ 
facture involves die cutting the shoe 
parts in cookie cutter fashion. Next, 
the pieces that will form the upper 
part of the shoe are stitched or ce¬ 
mented together. At this point, the 
upper looks not like a shoe but like 
a round hat; the extra material is 
called the lasting margin. After the 
upper is heated and fitted around a 
plastic mold called a last, the insole, 
midsole, and outsole are cemented 
to the upper. 
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Completed running shoes are qual¬ 
ity tested using procedures devel¬ 
oped by the Shoe and Allied Trades 
Research Association. Defects that 
are checked for include poor last¬ 
ing, incomplete cement bonding, 
and stitching errors. 



Assembling the upper and the insole 

3 The pieces that will form the upper part 
of the shoe are stitched or cemented to¬ 
gether and the lace holes punched out. These 
pieces include the featherline, the vamp, the 
mudguard, the throat (with eyestay and lac¬ 
ing section), the tongue, reinforcements such 
as the saddle or arch bandage, the collar 
(with Achilles tendon protector), the foxing, 
and the logo. At this point, the upper looks 
not like a shoe but like a round hat, because 
there is extra material—called the lasting 
margin —that will be folded underneath the 
shoe when it gets cemented to the sole. 

Next, the insole is stitched to the sides of 
the upper. Stiffening agents are then 
added to the heel region and toe box, and an 
insole board is inserted. 

Attaching the upper and bottom 
parts 

The completed upper is heated and fitted 
around a last, a plastic mold that forms 
the final shape of the shoe. An automatic 
lasting machine then pulls the upper down 
over the last. Finally, a cement nozzle applies 
cement between the upper and insole board, 
and the machine presses the two pieces to¬ 
gether to bond them. The upper now has the 
exact shape of the finished shoe. 

6 Pre-stamped and cutout forms of the mid¬ 
sole and outsole or wedge are layered and 
cemented to the upper. First, the outsole and 
midsole are aligned and bonded together. 
Next, the outsole and midsole are aligned 
with the upper and placed over a heater to re¬ 


activate the cement. As the cement cools, the 
upper and bottom are joined. 

7 The shoe is removed from the last and in¬ 
spected. Any excess cement is scraped 
off. 

Quality Control 

Manufacturers can test their materials using 
procedures developed by the Shoe and Allied 
Trades Research Association (SATRA), 
which provides devices designed to test each 
element of the shoe. Once the shoe is com¬ 
plete, an inspector at the factory checks for 
defects such as poor lasting, incomplete ce¬ 
ment bonding, and stitching errors. Because 
running can cause a number of injuries to the 
foot as well as to tendons and ligaments in 
the leg, another test is currently being devel¬ 
oped to evaluate a shoe’s shock absorption 
properties. 

The Future 

In the near future, experts predict refine¬ 
ments of current designs and manufacturing 
processes rather than radical breakthroughs. 
Within the next ten years, athletic shoe sizing 
should become standard worldwide. 
Designers will continue to seek lighter 
weight materials that provide better support 
and stability with further use of gels and air 
systems. Electronic components will also be 
built into the running shoe, so that informa¬ 
tion about physical characteristics and devel¬ 
opments can be measured with a micro chip 
and later downloaded into a computer. 
Another feature that is already beginning to 
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appear is the battery-operated lighting sys¬ 
tems to accommodate the evening jogger. 
As consumers continue to spend millions for 
the comfort of running shoes, manufacturers 
of the ordinary shoe will continue to compete 
for these dollars by applying running shoe 
design principles to everyday shoes. 

Where To Learn More 

Books 

Cavanagh, Peter R. The Running Shoe Book. 
Macmillan, 1980. 

Cheskin, Melvyn P. The Complete Handbook 
of Athletic Footwear. Fairchild Books, 1986. 

Nigg, Benno M. Biomechanics of Running 
Shoes. Human Kinetics Publishers, Inc., 
1986. 

Rossi, William A., ed. The Complete 
Footwear Dictionary. Krieger Publishing, 
1993. 


The Shoe in Sport. Mosby-Year Book, 1989. 
Periodicals 

Begley, Sharon. “The Science in Sports.” 
Newsweek. July 27, 1992, p. 58. 

“Running Shoes: The Sneaker Grows Up.” 
Consumer Reports. May, 1992, pp. 308-314. 

Ireland, Donald R. “The Shocking Truth 
about Athletic Footwear.” ASTM 
Standardization News. June, 1992, pp. 42- 
45. 

Murray, Charles J. “Composite Insole 
Absorbs Shock in Running Shoes.” Design 
News. May 2,1988, p. 100. 

Wolkomir, Richard. “The Race to Make a 
‘Perfect’ Shoe Starts in the Laboratory.” 
Smithsonian. September, 1989, p. 94. 

—Catherine Kolecki 
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The first saddles were 
simply animal skins or 
cloths thrown over the 
backs of horses, offering 
only a small measure of 
comfort to the riders. 
About 2,000 years ago, 
the Sarmatians, a nomadic 
tribe who lived around the 
Black Sea region, 
designed a saddle based 
on a shaped wooden 
foundation, or tree. 


Background 

A saddle is a seat for the rider of an animal, 
usually a horse. A well-made saddle gives 
the horse rider the necessary support, secu¬ 
rity, and control over the animal. The saddle 
makes it possible for the rider to keep in bal¬ 
ance with the horse by allowing him or her to 
sit over the horse’s point of balance. 

The first saddles were simply animal skins or 
cloths thrown over the backs of horses, offer¬ 
ing only a small measure of comfort to the 
riders. About 2,000 years ago, the Sarma¬ 
tians, a nomadic tribe who lived around the 
Black Sea region, designed a saddle based on 
a shaped wooden foundation, or tree. The 
tree had front and rear arches joined by 
wooden bars on each side of the horse’s 
spine. This design, improved upon during 
the medieval era with the advent of the dip- 
seated saddle, survives in an adapted form as 
the Western saddle. 

A typical saddle includes a base frame or 
“tree”; a seat for the rider; skirts, panels, and 
flaps that protect the horse from the rider’s 
legs and vice versa; a girth that fits around 
the stomach of the horse and keeps the saddle 
stable; and stirrups for the rider’s feet. 

The saddle tree is the frame on which the 
saddle is built. Its shape determines the shape 
of the saddle, which varies from the flat-race 
tree weighing only a few ounces to the mod¬ 
em dip-seated spring tree. 

Ideally, the tree should be built to fit the back 
of the horse for which the saddle is intended. 
Most of the time, however, saddles are man¬ 
ufactured for certain sizes and shapes and 
will fit most horses of equivalent sizes and 


shapes. Trees are usually made in three width 
fittings: narrow, medium, and broad, and 
four lengths: 15 inches, 16 inches, 16 1/2 
inches and 17 1/2 inches (38.1, 40.64, 41.9, 
and 44.45 centimeters respectively). 

Panels are cushions divided by a channel that 
gives a comfortable padded surface to the 
horse’s back while raising the tree high 
enough to give easy clearance of the animal’s 
spine. The panels also disperse the rider’s 
weight over a larger surface, thereby protect¬ 
ing the horse from the weight of the rider. 
These panels also protect the horse’s back 
from the hardness of the saddle. The purpose 
of the skirts is to protect the rider’s legs from 
the sweat of the horse, and to cover the girths 
and girth straps. Saddles also include D- 
rings, small leather straps with strings 
attached that can hold canteens, jackets, food 
pouches, and other items. 

Modem horse saddles are divided into two 
broad categories: the English and Western 
saddle. Originally designed for show jump¬ 
ing, the English saddle has a deep seat and 
sloped back. Its design was derived in part 
from the crouched-forward position adopted 
by Tod Sloan, an American jockey, and the 
subsequent Italian design introduced by 
Caprilli in 1906. Sloan’s forward crouch 
placed the rider’s weight forward, thus freeing 
the horse’s loins and hindquarters. Because 
professional jockeys had previously posi¬ 
tioned their weight on the loins and behind the 
movement of the horse, Sloan’s technique 
revolutionized professional horse racing. 

One type of English saddle, the “jumping 
saddle,” is designed to position the rider 
more forward. It is almost always built on a 
spring tree and generally has a deep seat. In 
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contrast, the “dressage saddle” is designed to 
position the rider more to the center of the 
horse, allowing him or her to use the leg and 
weight aids with greater precision. Only the 
sweat flap separates the rider’s leg from the 
horse. Today, English saddles are used for 
sport and general purposes. 

Traditionally, the Western saddle has been 
used primarily for work. It has a wider and 
longer panel than the English saddle and dis¬ 
perses more of the rider’s weight over the 
back of the horse. Western saddles also have 
a roping horn on the pommel to facilitate the 
roping of cattle, and are equipped with extra 
D-rings, or tie-downs, to hold ropes and 
other items. 

There are four types of Western saddles. The 
pleasure or “ranch saddle,” which weighs 


approximately 25 pounds (11.35 kilograms), 
and the “equitation saddle,” weighing about 
25 to 30 pounds (11.35 to 13.62 kilograms), 
are suitable for general riding. The “roping 
saddle” (about 40 to 50 pounds [18 to 23 
kilograms) is designed for use in cattle rop¬ 
ing. Because of the comfort it provides, 
many find it suitable for general riding as 
well. The “cutting saddle” is slightly lighter, 
about 30 pounds, and is used in cow cutting 
competitions. Because its light weight 
allows for greater movement, some riders 
also find the cutting saddle suitable for gen¬ 
eral purposes. 

Raw Materials 

Flaps, girth straps, and stirrup leathers are 
typically made from animal skins taken from 
cattle, pig, sheep, or deer; cowhide is the 


The first step in saddle manufacture 
is treating the leather. This involves 
soaking the hide in a lime solution 
to loosen the outer layer of skin and 
the hair, and then removing the 
hair. 

The frame of the saddle is the tree. 
One typical tree type, the spring 
tree, is shaped out of thin plywood. 
Fiberglass material (the fiberglass 
looks like a white screen mesh) is 
then stretched over this plywood, 
and liquid resin is hand-brushed or 
sprayed on top, resulting in a very 
strong and durable product. 
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most common skin used in saddle making. 
Saddle trees can be composed of several 
materials, including beech wood, fiberglass, 
plastic, laminated wood, steel, aluminum, 
and iron. Seats are usually made from can¬ 
vas, felt, and wool, while panels can include 
plastic foam, rubber, and linen. 

The Manufacturing 
Process 

Treating the leather 

1 After the hide or skin is removed from the 
animal’s carcass, it is soaked in drums 
containing lime and other chemicals to 
loosen the hair and outer layer of the skin. 
The inside flesh layer is also removed, either 
by machine or hand with a special knife. The 
remaining hide is soaked in lime and bacteria 
solutions to remove residue. Next, the hair is 
removed, either by machine or manually 
with a special knife. The hide is soaked 
again, this time in an acid solution in order to 
remove the lime left by the previous soak- 
ings. Because it is important that the fleshy 
side is left smooth with no loose fibers, the 
hide undergoes a final treatment called scud¬ 
ding, which involves hanging the hide over a 
beam and removing any bits of remaining 
hair, tissue, and dirt with a blunt knife. The 
hide is then thoroughly washed. 

2 To prevent hides from decaying, they are 
immersed in a diluted solution of tanning 
acid. Over several months, they are gradually 
treated with stronger solutions. Oil tanning, 
or chamoising, is still used sometimes by 
rubbing animal or fish grease into the hide. 

3 At this point, the leather has two sides, the 
flesh side and the grain side. The hides are 
now given to a currier, who manually rubs a 
mixture of tallow, cod oil, and other greases, 
plus wax, into the leather over a period of 
time. This process gives the leather color, 
makes it flexible, durable, and waterproof. 
The most common and popular colors for 
saddles are golden yellow, also known as the 
London color, and Havana, which is of a 
darker shade. Warwick, a much darker color 
that turns black with use, is applied in the 
making of frizzing harness as opposed to rid¬ 
ing tack. (This color is produced by staining 
with aniline dye.) The currier then allows the 
hides to mature for several weeks. 


Making the saddle tree 

There are two basic saddle tree designs: 
the rigid and spring tree, both of which 
can accommodate either a straight or dipped 
seat. The modem English saddle usually has 
a spring tree, while the Western saddle has a 
rigid tree. 

The spring tree is first shaped out of thin ply¬ 
wood. Fiberglass material (the fiberglass 
looks like a white screen mesh) is then 
stretched over this plywood, and liquid resin 
is hand-brushed or sprayed on top, resulting 
in a very strong and durable product. Two 
“springs” made of lightweight steel strips are 
then inserted under the tree running from 
front to the rear along the widest part of the 
seat, and set about two inches (five centime¬ 
ters) from the outside. The springs provide 
greater comfort and more flexibility to the 
rider by allowing the pressure exerted 
through the seat bones to be transmitted to 
the horse. 

The rigid saddle tree is made by molding 
it out of fiberglass, by combining wood 
shavings with resin in a mold under pressure, 
or by creating a wooden tree around which 
wet leather strips are wrapped and allowed to 
dry. 

6 To reinforce the saddle tree, steel plates 
are placed underneath the tree from the 
pommel (the head) to the cantle (the rear part 
of the saddle, which projects upward). The 
steel plates are secured above and below the 
pommel at the head and gullet of the tree. 

Stirrups 

7 The stirrup bars are attached next. A 
prong-line metal bracket measuring three 
inches wide is bolted onto the tree below the 
head on the point of the tree (the forward- 
most point of the saddle). Bars are made of 
two pieces: the bar itself, and a movable 
catch or “thumb piece,” which is set into the 
bar. This catch works on the premise that it 
can be opened when the stirrup leather is put 
in position and will, in theory, open and 
release the leather if the rider should fall. The 
bars are always forged (hammered or 
squeezed into the proper shape) or cast (put 
into a liquid state and forced into a shaped 
mold), and the word “forged” or “cast” is 
always stamped on the bar. 
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Pommel 



Cantle 


A typical saddle includes a seat for 
the rider; skirts, panels, and flaps 
that protect the horse from the 
rider's legs and vice versa; a girth 
that fits around the stomach of the 
horse and keeps the saddle stable; 
and stirrups for the rider's feet. D- 
rings are used to hold items such as 
canteens or ropes. 


8 The stirrup leathers, about 7/8 inch (2.2 
centimeters) wide, are made from “read 
leather”: cowhide, rawhide, or buffalo hide. 
They go over the top of the bar and back 
down to the stirrups. 

The seat 

9 A strong muslin cloth is placed over the 
tree from the pommel to the cantle, to 
form a foundation. Pitch paint is then 
applied to waterproof it. Next, strips of white 
serge, a woolen material, are stretched and 
fastened tightly with small nails from the 
head of the tree at the pommel to the cantle. 
Stretch canvas is then positioned over the 
serge and nailed in place. This forms the base 
of the seat. 

Small pieces of shaped felt and leather 
(called bellies ) are placed on the edges 
of the tree at the broadest part of the seat so 
that when the seat is eventually made, it will 


not drop away at the edges. A piece of serge 
is then tightly stretched and stitched down to 
the canvas layer to make the shape of the 
seat. Next, a small slit is made so that the 
space between the serge and canvas can be 
lightly stuffed with wool to give the seat 
resilience and to prevent the tree itself being 
felt through the leather seat. 

Pigskin is now dampened and stretched 
tightly, and is then stretched over the 
seat. (The pigskin is dampened and stretched 
so that when it dries and shrinks, a neat and 
tight final product will be achieved.) The 
under panel, which protects the horse from 
the girths, is stitched and nailed into place on 
the tree. The under panel is usually made of 
pigskin leather or grained cowhide. 

Girths 

Girth straps are attached to the saddle 
next. Made of soft leather, these straps 
are very short. Attached to them are the 
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girths, whose purpose is to hold the saddle 
firmly in place by fastening them around the 
horse’s belly. These girths are made in 7/8- 
inch or one-inch (2.54 centimeters) thick 
sizes, and they can range in length from 36 
inches (91.44 centimeters) for a tiny pony to 
54 inches (137 centimeters) for a large horse 
(these measurements include the buckles). 
Girths are made of soft leather, mohair, or 
nylon. 

Panels 

The outer panels, made of leather, are 
stuffed with felt, wool, or plastic foam 
and are covered in either leather, serge, or 
linen. They are attached underneath the sad¬ 
dle. Leather skirts are then sewn just above 
the outer panel. D-rings (also known as tie¬ 
downs) are now attached to the saddle. Usu¬ 
ally about one inch wide, the D-rings are 
made of rawhide and have strings attached to 
them. 

Byproducts 

Byproducts of saddle manufacturing include 
saddle and bridle accessories such as bit 
guards, lip straps, leather straps for the nose 


nets, breastplates, and girth safes, which pre¬ 
vent the buckles from wearing a hole in the 
panel. 

Where To Learn More 

Books 

Baker, Jennifer. Saddlery and Horse Equip¬ 
ment: A Practical Horse Guide. Arco Pub¬ 
lishing, 1982. 

Beatie, Russel H. Saddles. University of 
Oklahoma Press, 1981. 

The Complete Book of Riding: A Guide to 
Saddlery, Care and Management, Interna¬ 
tional Breeds, Riding Techniques and Com¬ 
petitive Riding. Gallery Books, 1989. 

Crabtree, Helen K. Saddle Equitation. Dou¬ 
bleday, 1982. 

Sherer, Richard L. Horseman’s Handbook of 
Western Saddles. Sherer Custom Saddles, 
1988. 

—Eva Sideman 
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Background 

Salsa is the Spanish word for sauce, and in 
Mexico it refers to sauces that are used as an 
ingredient for a variety of dishes and as a 
condiment. Most salsas are especially spicy, 
due to the prominence of hot chili peppers in 
their ingredients. Literally hundreds of such 
sauces exist, including piquant fruit salsas. 
In the United States, salsa resembles a spicy 
tomato sauce from Mexico called salsa 
cruda, or raw salsa, and is used primarily as a 
condiment, especially with tortilla chips. In 
1991, salsa outsold ketchup as the most pop¬ 
ular condiment in America. Today, salsas 
account for almost half of the sauces sold in 
the United States. In 1992, salsa accounted 
for $802 million in sales; that figure is 
expected to reach $1 billion by 1995. 

Salsas have been know for a thousand years in 
Mexico, yet salsa as we know it today is a 
fairly well-balanced blend of both Old World 
and New World ingredients. The tomatoes, 
tomatillos, and chilies found in salsa are 
native to this hemisphere, while all the other 
ingredients, such as onions, garlic, and other 
spices, are Old World in origin. Mexican cui¬ 
sine has traces of Aztec, Spanish, French, Ital¬ 
ian, and Austrian influences. The ingredients 
of salsa began in places as diverse as India and 
the Near East, yet most of them had estab¬ 
lished firm footholds in Europe before Spain’s 
conquest of Mexico in the early sixteenth cen¬ 
tury. Hence, most of the ingredients can be 
attributed to Spain’s influence on Mexico. 

Mexican cuisine is traditionally noteworthy 
for its time-consuming preparation. Foods 
such as mole are complex blends of pulver¬ 
ized spices, fruits, chocolate, or other ingre¬ 
dients that can take days to prepare. Fresh 


salsa used to be made using a molcajete and a 
tejolote, or mortar and pestle. This device, 
originally made from black basalt, has been 
in use for 3,500 years to prepare a variety of 
foods. 

Raw Materials 

Mass-produced salsas come in different vari¬ 
eties. The basic formula for salsa consists of 
tomatoes and/or tomato paste, water, chili 
peppers (green, yellow, serrano, and/or ana- 
heim), optional jalapeno peppers, vinegar, 
onions, garlic, green bell peppers, and spices, 
including black pepper, cilantro, paprika, 
cumin, and oregano. The most common 
alternative salsa is salsa verde, made with 
tomatillos. Of the same genus ( Physalis ) as 
the ground cherry grown in the southern 
United States, tomatillos are tart, green fruits 
grown inside papery pods that replace red 
tomatoes in the basic salsa recipe. Other spe¬ 
cial formulas may have green tomatoes, car¬ 
rots, black-eyed peas, or even cactus as 
ingredients. 

Most commercially prepared salsas also con¬ 
tain additives. These include salt, sugar, 
vegetable oil, calcium chloride, pectin, mod¬ 
ified food starch, xanthum gum, guar gum, 
dextrose, and potassium sorbate. Beet pow¬ 
der and canthaxanthin can be added for 
color, and sodium benzoate or citric acid can 
be added as preservatives. 

The Manufacturing 
Process 

Selecting the produce 

I The salsa manufacturer purchases fresh, 
frozen, or dehydrated produce, such as 


Most salsas are especially 
spicy, due to the 
prominence of hot chili 
peppers in their 
ingredients. Literally 
hundreds of such sauces 
exist, including piquant 
fruit salsas. In the United 
States, salsa resembles a 
spicy tomato sauce from 
Mexico called salsa 
cruda, or raw salsa, and 
is used primarily as a 
condiment. 
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The initial steps in making salsa 
involve inspecting, peeling, and 
stemming tomatoes; roasting, wash¬ 
ing, and blanching chili peppers; 
and cleaning other produce. The 
vegetables are then cut using stan¬ 
dard machines pre-set to the 
desired level of fineness. To make 
chunky salsa, the vegetables are 
usually diced while the fresh cilantro 
is minced. To make smoother salsa, 
all the vegetables are processed to 
the same consistency as the toma¬ 
toes. 


Inspecting and 
peeling tomatoes 


4 

Removing stems, 
seeds, and residual skin 
from tomatoes 


4 

Roasting and washing 
chili peppers 


4 

^lanching^hil^eppe^Jj 

4 

Cleaning other produce | 


4 



tomatoes, peppers, and onions, from growers. 
Other ingredients, such as vinegar, tomato 
paste, spices, or additives, are purchased from 
manufacturers in processed form. 

Preparing the produce 

2 The tomatoes are first inspected, then 
peeled using lye. The stems, seeds, and 
any residual skin are then removed. Some 
salsa manufacturers roast their green chili 
peppers before washing them. Next, the 
stem, seeds, and calyx are removed. The chili 
peppers are then blanched, and the pH value, 
or acid count, is adjusted using citric acid. 

3 All other produce is cleaned by passing 
the vegetables through tanks of water or 
by spraying under high water pressure. The 
inedible parts of these vegetables (such as 
garlic peel, stems, or onion skins) are 
removed by processing machines. The veg¬ 
etables are then cut using standard machines 
that are pre-set to the desired level of fine¬ 
ness. To make chunky salsa, the vegetables 
are usually diced while the fresh cilantro is 


minced. To make smoother salsa, all the 
vegetables are processed to the same consis¬ 
tency as the tomatoes. 

Cooking the salsa 

Most salsa is not fresh due to long-dis¬ 
tance transport of the product from man¬ 
ufacturing plants to retail outlets. Because it 
is important for the product to have a long 
shelf-life, heating the salsa is necessary to 
prohibit the growth of mold within the con¬ 
tainer before purchase. Most salsa, however, 
is minimally processed. The tomato paste or 
processed tomatoes, water, vinegar, and 
spices are placed in a pre-mix kettle that is 
large enough to hold several batches of salsa. 
This mixture is then placed in a batch kettle 
along with the other ingredients such as 
onions and chili peppers. Salsa may be slow 
or fast cooked, or, in the case of fresh salsa, 
steam cooked. Cooking time and tempera¬ 
ture vary; the slow method subjects the salsa 
to a low temperature of 163 degrees Fahren¬ 
heit (71 degrees Celsius) for 45 minutes, 
while the fast method subjects the salsa to a 
high temperature of 253 degrees Fahrenheit 
(121 degrees Celsius) for 30 seconds under 
pressure. 

Vacuum-sealing the salsa 

After cooking, the salsa is ladled into 
glass jars, plastic bottles, or other con¬ 
tainers that are usually made from heat-resis¬ 
tant polyethylene or polypropylene. Fresh 
salsa is placed into the container cold and 
tjjen steam heated, while cooked salsa is 
placed into the container while it is still 
warm. The machine that fills the containers 
does so by volume. The jars or containers are 
then sealed and cooled in cold water or air. 
This process vacuum-seals the product 
because the heated salsa cools and contracts, 
producing a partial vacuum under the seal. 

Packaging 

Jars and plastic containers that are not 
preprinted with product information are 
labeled and then packed in corrugated card¬ 
board boxes to be shipped to stores. 

Quality Control 

As a food for human consumption, salsa 
must undergo rigorous testing to insure that 
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each batch is sterile and safe. Salsa manufac¬ 
turers that do not use preservatives in their 
product must be even more careful that mold 
does not grow during its shelf-life. 

All incoming produce and spices must first 
be inspected for quality. To mass-produce 
salsa, an important criterion is that the veg¬ 
etables be consistent so that batches will not 
differ in quality, color, or flavor. Consistency 
is very important in the case of chili peppers, 
as the degree of hotness must be in a strin¬ 
gently determined range. A jar of salsa 
labeled “mild” should have a slightly piquant 
flavor that does not overwhelm the timid 
salsa consumer. Conversely, a jar of salsa 
labeled “hot” should not disappoint the 
braver salsa consumer. 

Chili peppers are selected by choosing 
specifically categorized seeds or germ plasm 
to be grown into the chili peppers intended 
for salsa. Chili peppers range in hotness— 
from the mild bell pepper to the hottest 
known pepper, the Scotch bonnet—although 
most salsa manufacturers will only go as 
high as jalapeno. The system used to classify 
chili pepper hotness is the Scoville Units 
method. It determines the amount of water 
and time needed to neutralize the heat of the 
pepper after ingestion. The higher the Scov¬ 


ille Unit, the hotter the pepper. The hotter 
chili peppers are easily measured in the hun¬ 
dreds of thousands Scoville Units. Each type 
of pepper has several different levels of hot¬ 
ness to choose from, and the salsa manufac¬ 
turer selects the peppers that will provide the 
necessary degree of hotness for each blend. 
Once the salsa is prepared, it is tasted by 
experienced tasters to see that it meets 
acceptable standards of flavor and hotness. 

The equipment used to prepare salsa is 
cleaned and inspected daily. Equipment is 
cleaned with chlorides, quaternary ammo¬ 
nias, or any substance that is effective 
against bacteria, then rinsed thoroughly. A 
swab test, which consists of rubbing a cotton 
swab over a small surface area of the kettle, 
is then done for each kettle. The sample is 
then placed in a solution of known dilution, 
put on a dish, and placed in an laboratory 
incubator. After one or two days, the sam¬ 
ple is checked for microbes. The number of 
harmful organisms is multiplied by the total 
affected surface area of the kettle to arrive at 
the total number of microbes. Many samples 
of finished salsa are taken, and the samples 
undergo the same treatment and testing as 
those samples taken from the equipment. 
Salsa factories are regularly inspected by the 
Food and Drug Administration (FDA), as 
well as state food regulatory inspectors. 


Once prepared, the tomato paste or 
processed tomatoes, water, vinegar, 
and spices are placed in a pre-mix 
kettle that is large enough to hold 
several batches of salsa. This mix¬ 
ture is then placed in a batch kettle 
for cooking along with the other 
ingredients such as onions and chili 
peppers. Cooking time and temper¬ 
ature vary; the slow method subjects 
the salsa to a low temperature of 
163 degrees Fahrenheit for 45 min¬ 
utes, while the fast method subjects 
the salsa to a high temperature of 
253 degrees Fahrenheit for 30 sec¬ 
onds under pressure. 
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Salsa is packaged automatically 
using large machines that vacuum- 
seal the glass or plastic jars after fill¬ 
ing them with the appropriate 
amount of salsa. Salsa's surging 
popularity has made it the most 
popular condiment in the United 
States. 



Where To Learn More 

Books 

Birosik, P. J. Salsa. Macmillan Publishing, 
1993. 

Esquivel, Laura. Like Water for Chocolate. 
Doubleday, 1992. 

Fischer, Lee. Salsa Lover’s Cook Book. 
Golden West Publishers, n.d. 

Leonard, Jonathan Norton. Latin American 
Cooking. Time-Life Books, 1968. 

McMahan, Jacqueline H. The Salsa Book. 
The Olive Press, 1989. 

Miller, Mark. The Great Salsa Book. Ten 
Speed Press, 1993. 


Petroski, Henry. The Evolution of Useful 
Things. Alfred A. Knopf, 1992. 

Periodicals 

O’Neill, Molly. “Salsa Nova,” New York 
Times Magazine. June 14, 1992, p. 61. 

Sokolov, Raymond. “Before the Conquest: 
Thousands of ‘Mexican’ Dishes Could Not 
Have Existed Before Cortes,” Natural His¬ 
tory. August, 1989, p. 76. 

Stern, Gabriella. “Yanquis Are Finding 
Wide-Ranging Uses for Salsa and Picante,” 
Wall Street Journal. January 19, 1993, pp. 
B1,B8. 

—Rose Secrest 
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Background 

Although the most familiar types of coated 
abrasives are probably the individual sheets 
of sandpaper with which home woodworkers 
prepare furniture or crafts for painting, the 
trade term “coated abrasives” actually 
encompasses a much wider array of products 
for both individual and industrial use. While 
these products assume many forms, all are 
essentially a single layer of abrasive grit 
attached to a flexible backing. In addition to 
their best-known form, sandpapers are also 
available to consumers on belts, rolls, and 
disks. However, the biggest users of coated 
abrasives are manufacturers who employ 
large-scale abrasives in various phases of 
industrial production. For example, coated 
abrasives are critical in both the furniture and 
automotive industries. 

Coated abrasives date as far back as the thir¬ 
teenth century, when the Chinese used 
crushed shells and seeds glued with natural 
gum to parchment. By 1769 coated abrasive 
paper was being sold on the streets of Paris. 
An 1808 article describes a process for mak¬ 
ing coated abrasives, and in 1835 a United 
States patent was issued for a machine that 
produced coated abrasives. 

Not always a highly versatile tool, coated 
abrasives were originally restricted to finish¬ 
ing applications such as polishing or prepar¬ 
ing surfaces for painting or plating. Through 
improvements in the strength of backings 
and the properties of abrasive minerals, 
coated abrasives now can be used for heavy- 
duty applications. Today, industrial uses for 
coated abrasives range from hand polishing 
with sheets of coated abrasive to grinding 
steel with large machines that use 300-horse- 


power electric motors to drive belts several 
feet wide. 

Currently, approximately forty companies 
manufacture or import jumbo rolls in the 
United States. The size of the industry is lim¬ 
ited because it requires a substantial invest¬ 
ment in equipment, raw materials, energy, 
and labor. A larger number of companies 
convert the jumbo rolls into useable products 
such as disks and belts. 

Raw Materials 

The name “sandpaper” is actually a mis¬ 
nomer, as most coated adhesive products 
contain neither sand nor paper. Generally, 
they consist of some type of abrasive min¬ 
eral, which can be organic or synthetic; flex¬ 
ible backings; and adhesives. Other materials 
may be added for special applications. Most 
companies that manufacture jumbo rolls of 
coated abrasives purchase minerals and 
backing materials from independent compa¬ 
nies that specialize in making these items. 
Natural minerals come from companies that 
mine and process the minerals, synthetic 
minerals come from companies that special¬ 
ize in such refractory materials, and most 
backings come from fabric manufacturers. 

The abrasive grain, the key part of coated 
abrasive products, may be either a natural or 
synthetic mineral. Due to their extreme 
hardness, natural minerals such as garnet or 
emery (corundum with iron impurities) find 
limited use in products for wood-related 
applications, while crocus mineral (natural 
iron oxide) is limited to use as a polishing 
agent because of its softness. However, such 
natural minerals comprise less than one per¬ 
cent of the abrasives market. Metalworking 


Coated abrasives date as 
far back as the thirteenth 
century, when the Chinese 
used crushed shells and 
seeds glued with natural 
gum to parchment. By 
1769 coated abrasive 
paper was being sold on 
the streets of Paris. An 
1808 article describes a 
process for making coated 
abrasives, and in 1835 a 
United States patent was 
issued for a machine that 
produced coated 
abrasives. 
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applications require synthetic minerals 
exclusively because such minerals offer con¬ 
sistent quality and can be specially manufac¬ 
tured with an elongated structure that bonds 
well to flexible backings. 

The use of a particular coated abrasive prod¬ 
uct determines the mineral that will be used 
in that product. Aluminum oxide is the most 
common abrasive, followed by silicon car¬ 
bide. Because silicon carbide is harder and 
sharper, it is used for applications involving 
glass and other nonmetal materials. Alu¬ 
minum oxide, which is the tougher abrasive, 
is used for metalworking applications where 
high forces are common. Minerals contain¬ 
ing zirconium alumina and alumina are typi¬ 
cally used where extremely rugged abrasives 
are needed, such as in foundries. Expensive 
and extremely hard minerals such as dia¬ 
mond or cubic boron nitride are restricted to 
special polishing processes. 

The sizes of abrasive grains range from fine 
particles that look like flour (2,000 grit) to 
large particles that look like granulated 
sugar (60 grit). Finer grains are used for sur¬ 
face finishing applications and larger grains 
for shaping and material removal applica¬ 
tions. Recent developments in making uni¬ 
form and extremely small grain abrasives 
with particles the size of air-bom particulate 
in smoke have created applications in fine 
polishing known as superfinishing. Other 
improvements include patented technology 
to cluster fine minerals into small hollow 
spheres or conglomerates the size of conven¬ 
tional grains. Such refinements have 
improved cutting ability and extended the 
useful life of coated abrasive products. 

The backing is the flexible platform to which 
the abrasive mineral is attached. The devel¬ 
opment of coated abrasives as a versatile 
manufacturing tool can in part be attributed 
to improvements in backing materials. With¬ 
out a strong and flexible backing, coated 
abrasives could not survive rough handling 
or the effects of liquids that are often used as 
grinding aids. 

Backings come in four basic materials, each 
with unique attributes. Paper is the lightest 
of the backing materials and also the weak¬ 
est. Although its lack of material strength 
limits paper’s usefulness for hand applica¬ 


tions, its flexibility makes it ideal for appli¬ 
cations in which the coated abrasive must fit 
closely to the contour of a work piece. 
Graded on a scale that increases with the 
physical weight of a ream, paper backings 
come in weights rated A to F. Unless spe¬ 
cially treated, paper cannot be used with 
water or other fluids. 

Backings made from woven fibers come in 
progressively heavier weight designations of 
J, X, Y, M, and H and are typically made of 
cotton, polyester, or rayon. The pattern of 
weave in the backing varies from fibers 
woven at 90 degree angles to fibers overlaid 
at 90 degree angles and stitched together. A 
less-common mesh or screen patten is used 
for backings in materials needed in wet, low- 
pressure applications. Fiber backings are 
made of multiple layers of resin-impregnated 
cloth fibers that are used in some dry, high- 
pressure applications. Film backings, a 
recent development, have improved the 
effectiveness of coated abrasives in precision 
finishing. Uniformly thick synthetic film can 
be used with special micron-sized minerals 
to produce highly reflective finishing and 
precision dimensions on parts. 

The bond or adhesive is applied to the back¬ 
ing in two layers, each of which serves a dif¬ 
ferent purpose. The first layer of adhesive, 
called the make coat, holds the abrasive min¬ 
eral to the backing. After the first layer of 
adhesive and grain have been applied, a sec¬ 
ond adhesive, the size coat, is applied in 
varying thicknesses depending upon the kind 
of product being manufactured. A thin layer 
of size coat leaves more of the abrasive min¬ 
eral exposed, yielding a product that cuts 
more aggressively. Thicker layers of size 
coats, which cover more of the mineral, cre¬ 
ate a product that cuts less aggressively but 
creates finer finishes. 

The Manufacturing 
Process 

Applying the make coat to the back¬ 
ing 

A typical sanding belt originates with the 
manufacture of a large roll of coated abra¬ 
sive containing an “X” weight cotton fabric 
backing, 100 grit aluminum oxide, and resin 
bond. Production starts when the make coat 
is applied to one side of the backing material. 
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Abrasive 

grains 


Backing 



Size coat 


Backing 


Applying the abrasive to the make 
coat 

2 The next step, applying the abrasive min¬ 
eral, is the most important in the manu¬ 
facturing process because it determines the 
orientation and density of the mineral. In the 
past, the backing with the first layer of adhe¬ 
sive passed under a controlled stream of abra¬ 
sive, which applied a thin layer of randomly 
oriented grit. Today, the backing is passed, 
adhesive side down, over a pan of abrasives 
that have been electrostatically charged— 
given an electric charge opposite to the back¬ 
ing. The opposite charge causes the abrasive 
to adhere evenly to the backing, resulting in a 
very sharp, fast-cutting coated abrasive tool 
with the maximum life possible. 

3 Controlling mineral density on the flexi¬ 
ble backing gives rise to two important 


variations in product design: open- and 
closed-coat abrasives. An open-coat product 
contains abrasives grains that cover from 50 
to 70 percent of the surface area of the back¬ 
ing. This lower density allows the finished 
product to be flexible and prevents it from 
clogging or loading with bits of work mater¬ 
ial. In closed-coat products, the mineral cov¬ 
ers 100 percent of the available surface area, 
making the finished products better for fin¬ 
ishing applications and more suitable for 
rougher handling than open-coat products. 

Applying the size coat 

4 Once the grain has been imbedded in the 
make coat, the roll is dried and moved on 
for application of the size coat. Following 
application of the size coat, the roll is dried 
again and cured under carefully controlled 
temperature and humidity conditions. The 


The term "sandpaper" is a mis¬ 
nomer, since most coated abrasives 
contain neither sand nor paper. 
Instead, a typical coated abrasive 
contains a backing of cotton, poly¬ 
ester, or rayon, with an initial layer 
of adhesive backing—the make 
coat—applied to it. The abrasive 
grains are then applied using an 
electrostatic deposition process, in 
which the grains are given an elec¬ 
tric charge. Finally, another layer of 
adhesive—the size coat—is 
applied. 
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Sandpaper can take any number of 
sizes and shapes and can be used 
for a variety of applications, from 
the common hand-held sheet shown 
here to huge machines that use 
300-horsepower electric motors to 
drive belts several feet wide. 



finished product is then wound on a large 
spool and shipped to the companies that will 
convert it into sanding belts or other items. 

Additional materials and processes may 
be included to give the converted product 
special characteristics. One such treatment is 
the addition of a grinding aid in the size coat 
that improves grinding of some metals in 
high-pressure applications. Another treatment 
entails applying a pressure-sensitive adhesive 
to the nonabrasive side of the backing to 
make some types of sanding disks. Material 
may be also added to reduce the static elec¬ 
tricity that is generated when a belt is used on 
wood. Passing the roll through two closely 
spaced steel rollers in a process called satin¬ 
ing crushes protruding minerals and leaves a 
product with uniform thickness designed for 
fine finishing applications. 

Flexing the roll 

Before the coated abrasive roll is con¬ 
verted into a belt or other product, it is 
systematically flexed or bent to break the 
continuous layer of adhesive bond. This flex¬ 
ing is necessary because the freshly manufac¬ 
tured roll is so stiff that it otherwise would not 
perform properly when converted into other 
products. Flexing can be applied in either a 
single direction or in multiple directions. Sin¬ 
gle direction flexing breaks the bond usually 


at a 90 degree angle to the edge of the roll. 
For special applications in which the belt 
must accurately conform to contours of a part 
surface, single direction flexing is applied 
along lines parallel to the sides of the belt. 
Multiple flexing breaks the bond at 45 degree 
angles to the sides of the belt in a criss-cross 
pattern or in a combination of 90 degree and 
45 degree directions. Although the latter pro¬ 
duces a very flexible belt, such flexing greatly 
reduces the useful life of the product. 

Conversion 

/ Converting roll material into abrasive belts 
starts with cutting strips of coated abra¬ 
sives to the desired width. Each strip is then cut 
to the proper length, and the ends are joined 
together. The joint in common belts is an over¬ 
lapping splice at 45 degrees. Narrow belts are 
spliced at a more acute angle and wide belts at 
a greater angle. A variety of splicing tech¬ 
niques can be applied depending upon the 
importance of changes in belt thickness at the 
slice and the amount of stress the belt will 
receive during use. One common practice in 
preparing a splice for joining is skiving, a 
process that removes a layer of abrasive or 
backing from the ends of the belt. To minimize 
thickness of joints in products used for finish¬ 
ing applications, both ends are skived. Coarse¬ 
grained products, which are used for less pre¬ 
cise applications, are skived on one end only. 
Conversion of other products proceeds simi¬ 
larly. For example, sanding disks begin with a 
properly sized section of roll material, and a 
machine punches out the individual disks com¬ 
plete with the hole in the center. 

Quality Control 

The quality of coated abrasive products is 
controlled by various government and volun¬ 
tary standards established by trade organiza¬ 
tions within the abrasive industry. These 
standards are primarily concerned with 
safety and with the consistent grading and 
identification of products. Safety standards 
appear in American National Standards Insti¬ 
tute (ANSI) publication B7.7, and grain siz¬ 
ing and identification standards are in ANSI 
publication B74. 18. 

The Future 

Coated abrasives will continue as reliable and 
useful tools for the consumer and the manu- 
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factoring industry, although changes in the 
use of some products are likely. For example, 
as nonwoven abrasive products are improved 
and become better recognized, they may 
replace some coated abrasives products. Con¬ 
tinuing development of minerals and back¬ 
ings will improve the performance of existing 
coated abrasive products. New film backing 
and ultra-fine abrasive minerals will enable 
new approaches to highly reflective and pre¬ 
cision finishes. Also, coated abrasives will be 
used more with automated equipment as 
designs are improved and better computer 
controls become available. 

Where To Learn More 

Books 

Borkowski, J. Uses of Abrasives and Abra¬ 
sive Tools. Prentice Hall, 1992. 


King, Robert I. and Robert S. Hahn. Hand¬ 
book of Modern Grinding Technology. 
Chapman and Hall, 1984. 

McKee, Richard L. Machining with Abra¬ 
sives. Van Nostrand Reinhold, 1982. 

Periodicals 

Capotosto, Roberto. “Reusable Sanding 
Sheets,” Popular Mechanics. June, 1991, p. 
73. 

Flexner, Bob. “Fine Grit,” Workbench. Janu¬ 
ary, 1992, p. 18. 

Whiteley, Peter O. “What You Really Need 
to Know About Sandpaper,” Sunset. Octo¬ 
ber, 1992, p. 148. 

—Theodore L. Giese 
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Taylor Howard, an 
employee at Stanford 
University who was well- 
versed in the usefulness of 
satellites as relayers of 
data, is credited with 
designing the first satellite 
dish for personal use. 
Howard's dish, which was 
placed into operation on 
September 14, 1976, was 
made of aluminum mesh 
and was about 16 feet 
wide. 


Background 

A satellite dish is a parabolic television 
antenna that receives signals from communi¬ 
cation satellites in orbit around the earth. Its 
sole function is to provide the television 
viewer with a wider variety of channels. 

The first communications satellite —Echo I — 
was launched by the United States in 1960, 
transmitting telephone signals. In 1961 Relay 
began transmitting television signals, and in 
the same year Syncom established itself as the 
first geosynchronous satellite capable of 
transmitting signals to one particular section 
of the earth’s surface continuously. 

The rapid advances in communication satel¬ 
lite technology were not simultaneously 
matched by advances in satellite dish use and 
technology. Television broadcasting began 
with individual stations that could only serve 
a limited area. Television networks had to 
provide their affiliate stations with recordings 
of programs if they wished to provide nation¬ 
wide service. Satellite television was not 
widely available until the 1970s, when cable 
television stations equipped with satellite 
dishes received signals that were then sent to 
subscribers by coaxial cable. By 1976, there 
were 130 satellite dishes owned by cable 
companies, and by 1980, every cable televi¬ 
sion station had at least one satellite dish. 

About that time personal satellite dish earth 
stations were selling for approximately 
$35,000 per unit. Taylor Howard, an 
employee at Stanford University who was 
well-versed in the usefulness of satellites as 
relayers of data, is credited with designing 
the first satellite dish for personal use. 
Howard’s dish, which was placed into opera¬ 


tion on September 14, 1976, was made of 
aluminum mesh and was about 16 feet (5 
meters) wide. By 1980,5,000 satellite dishes 
had been purchased for home use. In 1984 
alone 500,000 were installed. Recent reports 
state that there are 3.7 million owners of 
home satellite dishes worldwide, and the 
number will continue to grow. 

A typical commercial satellite dish of the 
1970s was made of heavy fiberglass, and the 
dish itself, at its smallest size, had a diameter 
of about ten feet (three meters). Since then, 
satellite dish design has shifted toward light¬ 
weight, aluminum mesh dishes (similar to 
Howard’s homemade dish), some of which 
are inexpensive and small (three feet, or one 
meter, in diameter is typical), with many sec¬ 
tions (petals) that can be easily assembled. 
England, Japan, and Germany, have led the 
way with direct broadcast TV, which sends 
signals directly to the viewer’s dish, but the 
United States has yet to do so. This trend 
would yield smaller, more affordable satellite 
dishes and regulated satellite programming. 

Raw Materials 

The basic satellite dish consists of the fol¬ 
lowing materials: 

• A parabolic reflector made of fiberglass or 
metal, usually aluminum, with a protruding 
steel feed horn and amplifier in its middle. 

• A steel actuator that enables the dish to 
receive signals from more than one satellite. 

• A metal (usually aluminum) shroud mea¬ 
suring about 6 to 18 inches (15 to 45 cen¬ 
timeters) in height. It is installed on the 
dish’s circumference perpendicularly to 
reduce side interference. 
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FIBERGLASS 

# 


MAKING THE DISH 


ALUMINUM 

i 


Compound 

Resin 

Calcium carbonate 
Catalyst cure 


I 






Punching dies ■ 
Aluminum plate — 


♦ 


Molding and 
Trimming 



♦ 

Electrostatic 

painting 



Painting 


• Cables, most likely made from vinyl tub¬ 
ing and copper wiring. 

The Manufacturing 
Process 

I To make fiberglass suitable for dish man¬ 
ufacture, a sheet molding compound mix¬ 
ture that includes reflective metallic material 
and ultraviolet scattering compositions is 
mixed with resin, calcium carbonate, and a 
catalyst cure. This mixture forms a paste that 
is poured onto a sheet of polyethylene film 
that has fiberglass added in chopped form. 


The result is a sheet layered with the com¬ 
pound paste, fiberglass, and the polyethylene 
film. 

2 This sheet is then pressed at 89 degrees 
Fahrenheit (30 degrees Celsius) to 
mature. To shape the sheet into the desired 
parabolic shape, it is pressed at high pressure 
(of 1,400-2,200 metric tons). The dish is then 
trimmed, cooled, and painted. After the 
paint has dried, the dish is packed for ship¬ 
ment in sturdy boxes. 

3 For metallic dishes, the common metal of 
choice is aluminum. This type of dish can 


The manufacture of fiberglass 
dishes involves first preparing a 
compound paste that contains resin 
and calcium carbonate and pouring 
it onto a polyethylene film with 
fiberglass bits embedded in it. The 
material is then pressed into shape. 
In contrast, aluminum dishes are 
perforated with punching dies and 
molded into shape. 
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Although some current home satel¬ 
lite dishes are very small—only 
about 3 feet in diameter—manufac¬ 
turers have begun to introduce even 
smaller dishes that have a diameter 
of only 18 inches and can fit on a 
window sill or a porch. 



be assembled in sections called petals, or all 
at once. An aluminum plate is perforated with 
a punching die, creating tiny holes. The size 
of these holes are contingent on the manufac¬ 
turer’s preference. Larger holes mean greater 
loss of the signal, so fairly small holes are 
selected. Another factor in the selection of 
hole size is the power of the broadcasting 
satellite. Newer, more powerful satellites 
require a hole size that is approximately half 
that required for older, less powerful satel¬ 
lites. The newly perforated aluminum plate is 
then heated, stretched over a mold, cooled, 
and trimmed. A paint powder coating for pro¬ 
tection is then applied using an electrostatic 
charge, in which the paint is given an oppo¬ 
site electrical charge from the plate. The dish 
or petal is then heated to melt the powder and 
seal the paint on. The petals are usually 
sealed together with ribs in the factory. 

4 Mesh petals are made from aluminum 
that is extruded—forced into a die of the 
proper shape. They are usually joined 


together on site by sliding them into alu¬ 
minum ribs that attach to the hub and then 
securing them with metal pins. 

Installation 

All dishes, when complete, will have the 
necessary equipment (the feed horn, the 
amplifier, etc.) installed in the factory. 
When the dish has been set up at the local 
dealer, it is transported to the site location on 
a open trailer. Satellite dishes can be 
installed either by professionals or by the 
purchaser, with assistance from the retailer if 
necessary. The method selected depends 
upon the size of the dish and the mechanical 
expertise of the purchaser. 

6 An installation site reasonably clear of 
obstructions not more than 246 feet (75 
meters) from the house is selected. Site 
selection is also contingent on local building 
codes and the possibility of microwave inter¬ 
ference from radio and television towers in 
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the vicinity. Once a site is selected, the base 
must be installed first. The base of most 
satellite dishes consists of a concrete foun¬ 
dation that extends below the frost line. A 
clayey soil is excellent, while sandy or rocky 
soil requires more concrete. A base tube 
filled with concrete is then set into the con¬ 
crete foundation. 

Some satellite dishes require a slab mount 
installation, a method considered to be more 
stable than typical base construction. In some 
cases, slab mount installation is necessary 
since the site selected for the placement of 
the satellite dish is unstable. The slab is gen¬ 
erally 1.6 feet (.5 meter) square and 3.2 feet 
(1 meter) deep. Soil is excavated to the 
proper depth and the concrete is poured. A 
triangular steel mount fixture is then embed¬ 
ded into the concrete. 

7 Next, the pedestal is attached to either the 
base tube or the triangular steel mount 
fixture. The elevation arm is then attached to 
the pedestal. 

Alignment 

8 The mounted satellite dish must be 
aligned in order to point toward the satel¬ 
lite. The angle at which the dish is eventually 
situated will vary according to which satellite 
is selected and at what latitude the dish is 
located. Coaxial cables connect the satellite 
to the receiver that is located in the house 
near the television. A trench must be dug for 
these cables, which are placed into a pipe 
before being buried. 

Quality Control 

Satellite dishes for consumer use are not usu¬ 
ally required to undergo rigorous tests with 
set standards, but some parameters are gener¬ 
ally met. For example, so that the micro- 
waves are received properly, the surface of 
the dish should be as smooth as possible and 
its parabolic shape should be exact. It must 
also be composed at least partially of metal, 
otherwise the microwaves will not reflect. If 
the dish is either mesh or perforated alu¬ 
minum, the holes must be relatively tiny to 
minimize loss. Dish size is important; it 
should match that appropriate to the latitude. 
The mount should be sturdy, and the dish 
aligned properly for maximum reception. 


Members and joints are tested and compared 
to the American Steel Construction Institute 
or the American Aluminum Association 
methods rules, whichever apply. The satellite 
dish should be built to withstand high winds, 
snow, ice, rain, and extreme temperatures. 

After the dish is installed, the owner is gener¬ 
ally responsible for cleaning it twice a year, 
more if necessary, tightening and lubricating 
all bolts once a year, and trimming obstruc¬ 
tive weeds and trees from around it. In rare 
occasions, the owner must adjust the align¬ 
ment to correct bad reception. 

The Future 

Satellite dishes will become ubiquitous in 
upcoming years. More communication satel¬ 
lites will certainly be launched, and the 
growth explosion in individual satellite dish 
ownership will continue. One factor that 
should affect home satellite dish ownership 
in the near future is the switchover to more 
powerful satellites that will transmit signals 
in the K band (12 GHz). Because most of the 
present satellite dishes accept signals in the C 
band (3.7 to 4.2 GHz), owners of C band 
satellite dishes will have to convert them to 
K band. Researchers and designers are con¬ 
templating even smaller dishes that could be 
placed on a rooftop or outside a window and 
still function as well as the larger satellite 
dishes of today. 

Some experts see the growth of satellite tele¬ 
vision as a revolution that is less concerned 
with crystal clear images of old sitcoms than 
with the possibilities of two-way communi¬ 
cation that universal dish ownership would 
promote. Satellite television will be used to 
pay bills, shop, and participate in game 
shows. It can also be used to communicate 
over long distances, perhaps to play interac¬ 
tive video games with someone halfway 
across the continent. Some visionaries see 
the revolution as the return of one-on-one 
communication like that of a town meeting. 
In any case, it is almost certain that satellite 
television will continue to proliferate in 
upcoming years. 

Manufacturers will continue to make smaller 
and less costly satellite dishes. Recently, for 
instance, 18-inch (45.7-centimeter) diameter 
dishes have been introduced into the market 
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in Japan, Europe, and the United States. 
These dishes are small enough to fit on a 
windowsill or a porch railing. Manufacturers 
are also working on producing a flat-plate 
dish for satellite signal reception. 

Where To Learn More 

Books 

Baylin, Frank, and Amy Toner. Satellites 
Today. ConSol Network, Inc., 1984. 

Clifford, Martin. The Complete Guide to 
Satellite TV. Tab Books, 1984. 

Easton, Anthony T. The Home Satellite TV 
Book. Wideview Books, 1982. 

Prentiss, Stan. Satellite Communications. 
Tab Books, 1987. 


Sutphin, S. E. Understanding Satellite Tele¬ 
vision Reception. Prentice-Hall, 1986. 

Traister, John E. Guide to Satellite Televi¬ 
sion Installation. Prentice-Hall, 1987. 

Traister, Robert J. Build a Personal Earth 
Station for Worldwide Satellite TV Recep¬ 
tion. Tab Books, 1985. 

Periodicals 

Booth, Stephen A. “Signals from Space,” 
Popular Mechanics. April, 1992, p. 60. 

Elrich, David. “Satellite TV: It’s Worth a 
Closer Look,” Home Mechanix. September, 
1990, p. 78. 

—Rose Secrest 
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Background 

It would be very difficult to find an Ameri¬ 
can household that did not have at least one 
screwdriver. Perhaps the most ubiquitous of 
hand tools, the screwdriver has a long 
genealogy, the result of a complicated manu¬ 
facturing process. Archimedes is considered 
to have invented the screw in the third cen¬ 
tury b.c., though his invention was designed 
to transfer motion (as in the continuous 
worm of a worm and gear assembly) rather 
than to fasten things together. 

By the first century b.c., large wooden screws 
were used in presses for producing wine and 
olive oil, and were turned with spikes stuck 
into or through a handle that resembled a 
modern corkscrew used for opening wine 
bottles, although larger. These were made of 
wood with a flat rather than a pointed end, 
and a container to hold the material being 
pressed. 

Metal screws and nuts seem to have been 
used as fasteners in the fifteenth century, 
although the heads of these screws were 
turned with a wrench and not a screwdriver— 
the screw heads were either square or hexago¬ 
nal. Screws with slots in their heads were 
found in armor in the following century, 
although the design of the tool used to work 
the screws, the screwdriver, is unknown. 

The modern screwdriver descends directly 
from a flat-bladed bit used in a carpenter’s 
brace circa 1750. Woodworkers were using 
hand screwdrivers in the early 1800s, and 
they became more common after 1850, when 
machines made the automatic production of 
screws possible. These early screwdrivers 
were flat throughout the length of their shaft; 


the current design of a rounded bar that is 
flattened or shaped only at the working end 
makes the tool much stronger and takes 
advantage of the round wire used in its man¬ 
ufacture. The oldest and most common type 
of screwdriver is the slotted screwdriver, 
which fits a screw with a single slot in the 
head. There are perhaps thirty different types 
of screwdrivers available today in a variety 
of sizes, all with different purposes and all 
designed to fit into special screws. 

The second most widely used screwdriver, 
the “Phillips,” was invented in the late 1920s 
by Henry Phillips. Soon after its introduc¬ 
tion, the tool posed a dilemma for its user— 
the head of the driver pulls away from the 
screw as it is fastened, or “cam-out,” leading 
to stripped screw heads and assemblies that 
are difficult to take apart. However, cam-out 
became a virtue; the screws were meant to be 
driven with a power tool, and the assembler 
would know that the screw was completely 
driven when his power tool slid out of the 
screw head. A screw head that could accept 
the greater torque (turning power) of a power 
tool was an advantage over hand-turned, 
slotted screw heads. Today, manufacturers 
are producing or gearing up production of 
Phillips screwdrivers that eliminate cam-out. 
Possible solutions (although details of some 
systems are company secrets) focus on the 
angle of the edges that fit into the Phillips 
screw, or using a better gripping material to 
coat or plate the screwdriver tip. 

The torx screwdriver, widely used for auto¬ 
mobile repair and other applications, was 
designed to take the torque that a Phillips 
screw can while eliminating the cam-out 
problem. It has six edges in a star pattern on 
its flat point, and fits flat into the screw head. 


Early screwdrivers were 
flat throughout the length 
of their shaft; the current 
design of a rounded bar 
that is flattened or shaped 
only at the working end 
makes the tool much 
stronger and takes 
advantage of the round 
wire used in its 
manufacture. 
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To make the steel rod, wire is 
machine-drawn to the appropriate 
diameter, annealed (heat-treated), 
straightened, and then cold-formed 
to the proper shape. The cold form¬ 
ing press cuts the wire to the desired 
length and forms the tip of the 
screwdriver and the "wings" that 
will fit into the handle. The rod is 
then nickel-plated to give it a pro¬ 
tective finish. 


It is not unusual to find torx drivers sold in a 
set with slotted and Phillips screwdrivers. 

Other types of screwdrivers have been de¬ 
signed for special uses, and a well-stocked 
hardware store will have slotted, Phillips, 
torx, Robertson (a square shaft that fits into a 
corresponding square cut out in the head of 
the screw), and other more obscure types of 
screwdrivers. Some screwdrivers have not 
found a ready market, such as one that was 
designed to fit into special screws that have 
slots both on the top of the screw and on the 
side of the screw head, with corresponding 
grippers on the point of the screwdriver. 
There are so many screwdrivers and types of 
screws available that even a high quality of 
design innovation is overcome by consumer 
resistance to purchasing new types of screw¬ 
drivers and corresponding screws. 

Raw Materials 

The raw materials for most screwdrivers are 
very basic: steel wire for the bar and plastic 
(usually cellulose acetate) for the handle. In 
addition, the steel tips are generally plated 
with nickel or chromium. 

The Manufacturing 
Process 

Making a flat-tip or slotted screwdriver is not 
very different than making any other config¬ 
uration. Variations between a flat-tip and a 
Phillips screwdriver will be discussed later in 
this entry. 

Making the steel bar 

1 First, coils of green wire (wire that has not 
yet been drawn to final size) are delivered 
to a factory in large coils, some as heavy as 


3,000 pounds (1,362 kilograms). The wire is 
usually about .375 inch (.95 centimeter) in 
diameter. The wire is then machine-drawn to 
the diameter necessary for the production 
run; one adjustable drawing machine can 
produce any required diameter. In drawing, 
wire is fed through a die with a reducing 
aperture until it assumes the proper size. 

2 After the wire is drawn, it is annealed 
(heat treated) to obtain the correct tensile 
strength in the metal. This process involves 
baking the wire at a temperature of about 
1,350 degrees Fahrenheit (732 degrees Cel¬ 
sius) for 12 hours. 

3 Next, the wire is straightened by a string 
forge and then transferred to a cold form¬ 
ing press, which cuts the wire to the appro¬ 
priate length and forms the tip of the screw¬ 
driver and the “wings” that will fit into the 
handle. These wings can be seen through a 
clear or semi-clear plastic handle. The newly 
formed “bar” (the actual screwdriver without 
its handle) is then heat treated in an in-line 
furnace at approximately 1,555 degrees 
Fahrenheit (846 degrees Celsius). This is a 
continuous flow process, and as the bars 
come through the furnace they fall into an oil 
quench for cooling. The bars are then placed 
in a draw back oven (450 to 500 degrees 
Fahrenheit or 232 to 259 degrees Celsius) 
and baked to a specified hardness. 

Consumer model screwdrivers are nickel- 
plated—covered with a protective coating 
of nickel—before assembly. If the screw¬ 
driver is designated for professional use, it is 
transferred to a hand-grinding department, 
where the tip is ground to size. The shank is 
chemically milled and then polished. The 
screwdriver then goes to a nickel flash bath 
and is electrically chrome plated. 
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Phillips screwdrivers 

Handles 


1 The plastic handles are made by 


After the cold forming press (step #3 
above) cuts the wire, the screwdriver is 
sent to a “swage and grind” operation, where 
dies form blades for the tip from the heated 
wire. The tool is then ground and the wings 
are formed. 

6 If a professional model is being pro¬ 
duced, the bar goes to a tipping operation 
(an automatic tipping machine that creates the 
bullet point), and then to a profilator machine 
(a machine that cuts a “profile”). This latter 
machine cuts the four grooves or slots on the 
sides above the point. The wire is then 
winged, and heat-treated in the same way as 
the flat-tip screwdriver bars. Consumer 
model Phillips screwdrivers are nickel plated, 
while the professional model is polished and 
nickel/chrome plated. 


7 The handles of a screwdriver are usually 
made of cellulose acetate; it is delivered 
to the factory in powder form (cellulose 
acetate rosin) and then mixed with a liquid 
plasticizer in a giant blender that holds 
approximately 1,000 pounds (454 kilograms) 
of the mixed material. If a colored handle is 
desired, pigments are added into the blender. 
The resulting paste, which has the consis¬ 
tency of thick cake batter, then goes to an 
extruder (a machine that forces a material out 
through an opening, the way a meat grinder 
forces out strings of meat), which extrudes a 
solid piece of cellulose acetate. The cellulose 
acetate is then cut into small pellets. 

8 Next, the pellets are fed into another 
extruder that extrudes the materials for 
the handles in bars that are 8 to 10 feet (2.4 to 



mixing cellulose acetate with a plas¬ 
ticizer and then extruding the mix¬ 
ture into bar form. After further 
shaping, the bars are drilled so that 
the rods can be inserted, cleaned to 
remove dirt, and dipped in an ace¬ 
tone vapor bath, which melts and 
smooths the outside of the handle. 
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The oldest and most common type 
of screwdriver is the slotted screw¬ 
driver, which fits a screw with a sin¬ 
gle slot in the head. There are per¬ 
haps thirty different types of 
screwdrivers available today in a 
variety of sizes, all with different 
purposes and all designed to fit into 
special screws. 


3 meters) in length. If a two-color handle is 
desired, a second extruding machine can be 
attached to the first to extrude a single, two- 
color rod. The rods are then put into an auto¬ 
matic turning machine, which shapes the 
handles and cuts them to the final length. A 
hole is then drilled in the handle where the 
bar will be inserted. 

9 The handles are machine washed and 
dried to remove grease, oil, and excess 
scraps from the turning machine and the 
extruder. Next, the handles are immersed in 
an acetone vapor bath, which melts and 
smooths the outside of the handle. The ace¬ 
tone vapor is highly flammable, and this 
process takes place inside an explosion-proof 
room. 

Assembly 

The method of final assembly depends 
on the quality of the tool being pro¬ 
duced. Professional models are assembled 
individually on a horizontal assembly 
machine that hydraulically forces the bar into 
the plastic handle. The handles are branded 
by a hot stamp immediately before going into 
the assembly machine. This assembly 
process requires one skilled operator for each 
machine. 

Other models might be assembled on 
hydraulic presses, three at a time. The least 
expensive models are assembled six at a time 
on one machine and placed by robot on a 
skin card machine that packages the screw¬ 
drivers for mass-market sale. 

Before packaging, the screwdrivers 
might be fitted with a special handle 
cover, depending on need. A rubber cap fit¬ 
ted over a screwdriver handle, for example, 


might be more comfortable for a professional 
using his tool five or six hours a day. A large 
handle with deep grooves might be ideal for 
some workers, while the home handyman 
who assembles a lamp or cabinet once every 
six months may not need or want to pay for 
the extra comfort. 

Quality Control 

Consumer Reports magazine found, in 1983 
tests, that the type of finish had little effect 
on the quality of screwdrivers, although most 
of their tested screwdrivers were plated. 
Poor-quality plating, on the other hand, 
might indicate that not enough care was paid 
to the tool in the manufacturing process. 
Similarly, poor-quality grinding can lead to 
rounded edges and comers which will not be 
as efficient as they could be; a tip that was 
burned during the grinding process may not 
be as hard as it should be. 

Where To Learn More 

Books 

Hoffman, E. Fundamentals of Tool Design. 
T/C Publications, 1984. 

Pollack, Herman W. Tool Design. Prentice 
Hall, 1988. 

Self, Charles R. Fasten It. TAB Books, 1984. 

Watson, Aldren A. Hand Tools: Their Ways 
and Workings. Portland House, 1982. 

Periodicals 

Bailey, Jeff. “Does Henry Phillips, Bane of 
Handymen, Really Rest in Peace?” Wall 
Street Journal, September 15, 1988, p. 4. 
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“Screwdrivers,” Consumer Reports. January, Yeaple, Frank. “Zinc’s Properties Enhance 
1983, pp. 44-7. Hand Tool’s Producibility,” Design News. 

January 22,1990, p. 115. 

Kinghorn, Bob. “The New Age of Screw¬ 
driving,” Family Handyman. October, 1989, —Lawrence H. Berlow 

p. 12. 

Pierson, John. “Screwdriver Redesign Aims 
to Lock Out Slips,” Wall Street Journal. Jan¬ 
uary 22, 1991, pp. 1-2. 
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Seismograph 


The earliest known device 
used to detect earthquakes 
was a Chinese device 
consisting of a copper 
cylinder with eight dragon 
heads positioned around 
its upper circumference; 
directly beneath the 
dragon heads were eight 
copper frogs. In its mouth, 
each dragon held a small 
ball that dropped into the 
mouth of the frog below it 
when a weighted rod 
inside the cylinder was 
triggered by an 
earthquake. 


Background 

Seismographs are instruments designed to 
detect and measure vibrations within the 
earth, and the records they produce are 
known as seismograms. Like the many other 
terms beginning with this prefix, these words 
derive from the Greek seismos, meaning 
“shock” or “earthquake.” Although certain 
types of seismographs are used for under¬ 
ground surveying, the devices are best known 
for studying earthquakes. 

A seismograph consists of a pendulum 
mounted on a support base. The pendulum in 
turn is connected to a recorder, such as an ink 
pen. When the ground vibrates, the pendu¬ 
lum remains still while the recorder moves, 
thus creating a record of the earth’s move¬ 
ment. A typical seismograph contains 3 pen¬ 
dulums: one to record vertical movement and 
two to record horizontal movement. 

Seismographs evolved from seismoscopes, 
which can detect the direction of tremors or 
earthquakes but cannot determine the inten¬ 
sity or the pattern of the vibration. The earli¬ 
est known device used to detect earthquakes 
was created by a Chinese scholar, Chang 
Heng, around a.d. 132. Detailed accounts 
reveal that it was a beautiful and ingenious 
apparatus consisting of a richly decorated 
copper cylinder with eight dragon heads 
positioned around its upper circumference, 
facing outwards. Fixed around the lower cir¬ 
cumference, directly beneath the dragon 
heads, were eight copper frogs. In its mouth, 
each dragon held a small ball that dropped 
into the mouth of the frog below it when a 
rod inside the cylinder, flexible and weighted 
at its upper end, was triggered by an earth¬ 
quake. The particular frog that captured a 


fallen ball indicated the general direction of 
the earthquake. 

For over seventeen hundred years the study 
of earthquakes depended on imprecise instru¬ 
ments such as Chang Heng’s. Over the cen¬ 
turies a wide variety of seismoscopes were 
constructed, many relying on the detection of 
ripples in a pool of water or liquid mercury. 
One such device, similar to the frog and 
dragon mechanism, featured a shallow dish 
of mercury that would spill into little dishes 
placed around it when a tremor occurred. 
Another type of seismoscope, developed dur¬ 
ing the eighteenth century, consisted of a 
pendulum suspended from the ceiling and 
attached to a pointer that dragged in a tray of 
fine sand, moving when vibrations swayed 
the pendulum. During the nineteenth cen¬ 
tury, the first seismometer was constructed; 
it used various types of pendulums to mea¬ 
sure the size of underground vibrations. 

The first true seismograph may have been a 
complex mechanism designed by the Italian 
scientist Luigi Palmieri in 1855. This 
machine used tubes filled with mercury and 
fitted with electrical contacts and floats. When 
tremors disturbed the mercury, the electrical 
contacts concurrently stopped a clock and 
triggered a device that recorded the move¬ 
ments of the floats, roughly indicating both 
the time and the intensity of the earthquake. 
The first accurate seismographs were devel¬ 
oped in Japan in 1880 by the British geologist 
John Milne, often known as the father of seis¬ 
mology. Together with fellow expatriate sci¬ 
entists James Alfred Ewing and Thomas Gray, 
Milne invented many different seismological 
devices, one of which was the horizontal pen¬ 
dulum seismograph. This sophisticated 
instrument consisted of a weighted rod that. 
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Seismograph 


when disturbed by tremors, shifted a slitted 
plate. The plate’s movement permitted a 
reflected light to shine through the slit, as well 
as through another stationary slit below it. 
Falling onto light-sensitive paper, the light 
then inscribed a record of the tremor. Today 
most seismographs still rely on the basic 
designs introduced by Milne and his associ¬ 
ates, and scientists continue to evaluate 
tremors by studying the movement of the 
earth relative to the movement of a pendulum. 

The first electromagnetic seismograph was 
invented in 1906 by a Russian Prince, Boris 
Golitsyn, who adapted the principle of elec¬ 
tromagnetic induction developed by the Eng¬ 
lish physicist Michael Faraday during the 
nineteenth century. Faraday’s law of induc¬ 
tion postulated that changes in magnetic 
intensity could be used to generate electric 
currents. Incorporating this precept, Golit¬ 
syn built a machine in which tremors cause a 
coil to move through magnetic fields, 
thereby producing an electrical current which 
is fed into a galvanometer, a device that mea¬ 
sures and directs the current. The current 
then fluctuates a mirror similar to the one 
that directed the light in Milne’s apparatus. 
The advantage of this electronic system is 
that the recorder can be set up in a conve¬ 
nient place such as a laboratory, while the 
seismograph itself can be installed in a 
remote location. 

During the twentieth century, the Nuclear 
Test Detection Program has made modern 
seismology possible. Despite the real danger 
of earthquakes, seismology could not com¬ 
mand a large number of seismographs until 
the threat of subterranean nuclear explosions 
prompted the establishment of the World- 
Wide Standardized Seismograph Network 
(WWSSN) in 1960. The Network set up 120 
seismographs in 60 countries, and, under its 
auspices, seismographs became much more 
sophisticated. Developed after World War II, 
the Press-Ewing seismograph enabled 
researchers to record so-called long period 
seismic waves, vibrations that travel long dis¬ 
tances at relatively slow speeds. This seismo¬ 
graph uses a pendulum like that used in the 
Milne model, but replaces the pivot support¬ 
ing the rod with an elastic wire to reduce fric¬ 
tion. Other post-war innovations included 
atomic clocks to make timings more accurate, 
and digital readouts that could be fed into a 
computer. However, the most important 
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development during modem times has been 
the implementation of seismograph arrays. 
These arrays, some consisting of hundreds of 
seismographs, are linked to a single central 
recorder. By comparing the discrete seismo¬ 
grams produced by various stations, 
researchers can determine the earthquake’s 
epicenter (the point on the earth’s surface 
directly above the origin of the quake). 

Today, three types of seismographs are used 
in earthquake research, each with a period 
corresponding to the scale of the vibrations it 
will measure (the period is the length of time 


This flow chart shows the steps 
involved in seismograph manufac¬ 
ture and installation. The main 
material used is aluminum, followed 
by normal electrical equipment 
composed of copper, steel, glass, 
and plastic. The basic unit com¬ 
prises a pendulum inside an airtight 
container that is attached by a 
hinge and a wire (for horizontal 
units) or a spring (for vertical units) 
to a supporting frame set firmly in 
the ground. 
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a pendulum requires to complete one full 
oscillation). Short-period seismographs are 
used to study primary and secondary vibra¬ 
tions, the fastest-moving seismic waves. 
Because these waves move so quickly, the 
short-period seismograph takes less than a 
second to complete one full oscillation; it also 
magnifies the resulting seismograms so that 
scientists can perceive the pattern of the 
earth’s swift motions. The pendulums in long 
(intermediate) period seismographs generally 
take up to twenty seconds to oscillate, and 
they are used to measure slower-moving 
waves such as Love and Rayleigh waves, 
which follow primary and secondary waves. 
The WWSSN currently uses this type of 
instrument. The seismographs whose pendu¬ 
lums have the longest periods are called 
ultra-long or broad-band instruments. 
Broad-band seismographs are used increas¬ 
ingly often to develop a more comprehensive 
understanding of global vibrations. 

Raw Materials 

The components of a seismograph are stan¬ 
dard. The most important material is alu¬ 
minum, followed by normal electrical equip¬ 
ment composed of copper, steel, glass, and 
plastic. A modem seismograph consists of 
one or more seismometers that measure the 
vibrations of the earth. A seismometer com¬ 
prises a pendulum (an inert mass) inside an 
airtight container that is attached by a hinge 
and a wire (for horizontal units) or a spring 
(for vertical units) to a supporting frame set 
firmly in the ground. One or more electric 
coils is attached to the pendulum and placed 
within the field of a magnet. Even miniscule 
movements of the coil will generate electri¬ 
cal signals that are then fed into an amplifier 
and a filter and stored in computer memory 
for later printing. A less sophisticated seis¬ 
mograph will have either a mirror that 
shines light onto light-sensitive paper (as in 
Milne’s seismograph), a pen that writes with 
quick-drying ink upon a roll of paper, or a 
heat pen that marks thermal paper. 

Design 

The demand for earthquake seismographs is 
not that high; it can be met by a few manu¬ 
facturers who design custom-made seismo¬ 
graphs to meet the needs of particular 
researchers. Thus, while the basic compo¬ 


nents of the seismograph are standard, cer¬ 
tain features can be adapted to serve specific 
purposes. For instance, someone might need 
a more sensitive instrument to study seismic 
events thousands of miles away. Another 
seismologist might select an instrument 
whose pendulum has a short period of only a 
few seconds so as to observe the earliest 
tremors of an earthquake. For underwater 
studies, the seismograph would have to be 
submersible. 

The Manufacturing 
Process 

Choosing a site 

1 A site might interest a seismologist for a 
number of reasons. The most obvious one 
is that the region is earthquake-prone, per¬ 
haps because it is adjacent to a fault or frac¬ 
ture in the earth’s crust. Such fractures dis¬ 
lodge one of the blocks of earth adjoining 
them, causing the block to shift higher, 
lower, or horizontally parallel to the fault, 
and leaving the area vulnerable to further 
instability. A seismograph might also be 
installed in a region currently without one, so 
that seismologists can gather data for a more 
complete picture of the area. 

2 Although some seismographs are placed 
in university or museum basements for 
educational purposes, the ideal location for 
earthquake research would be more remote. 
To record the earth’s seismic movements 
more accurately, a seismograph should be 
-placed where traffic and other vibrations are 
minimal. In some cases, an unused tunnel 
can be appropriated. Other times, a natural 
underground cavern is available. Seismolog- 
ical researchers may even choose to dig a 
well and place the instrument inside if no 
other underground hole exists where a seis¬ 
mograph is deemed desirable. An above¬ 
ground seismograph is also possible, but it 
must rest above a solid rock foundation. 

Assembling the seismometer unit 

3 At a specialized factory the component 
parts of the seismograph are assembled 
and prepared for shipment. First, the pendu¬ 
lum is attached to either a soft spring (if it's a 
vertical unit) or a wire (if it’s a horizontal 
unit) and suspended within a cylinder 
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between electric coils. Next, the coils are 
wired to printed circuit boards and placed 
inside the seismograph body. The whole unit 
can in turn be connected to a digital audio 
tape recorder, which receives the current 
generated by the coils and transferred to the 
circuit boards. If the data recording equip¬ 
ment consists of more traditional equipment, 
such as a roll of paper and a pen, these are 
now attached to the unit. Depending on the 
final destination, the seismograph is shipped 
by truck or plane in a cushioned crate by 
transporters experienced in moving delicate 
electronic equipment. 

Installing the seismometer unit 

A seismograph intended for educational 
purposes might be bolted into the con¬ 
crete floor of a basement, but research seis¬ 
mographs are best situated far from the 
inevitable vibrations of a building. They are 
either installed directly onto the bedrock in 
instances where great precision is required, 
or in a bed of concrete. In both cases, earth is 
removed and the ground leveled. In the sec¬ 
ond instance, a bed of concrete is poured and 
allowed to set. 

After the base has been prepared, the 
seismometer unit is bolted into place. In 
some instances where great sensitivity is 
required, it will be housed in a vault where 


the temperature and humidity are controlled. 
The seismometer unit is usually installed in 
the chosen field, cavern, or vault, while the 
amplifiers, filters, and recording equipment 
are housed separately. 

6 In modern seismology, it is typical to 
have several seismometer units arrayed at 
a distance from one another. Each seis¬ 
mometer unit sends signals to a central loca¬ 
tion, where the data can be printed out and 
studied. The signals may be broadcast from 
an antenna built into the unit, or, in more 
sophisticated units, beamed up to a satellite. 

Quality Control 

Seismographs are designed to withstand the 
elements. They are waterproof and dust- 
proof, and many are designed to function 
despite extreme temperatures and high 
humidity, depending on where they will be 
installed. Despite their sensitivity and pro¬ 
tection requirements, many seismographs 
have been known to last 30 years. Quality 
control workers in the factory check the 
design and the final product to see if they 
meet the customer’s demands. All parts are 
checked for tolerance and fit, and the seismo¬ 
graph is tested to see if it works properly. In 
addition, most seismographs have built-in 
testing devices so that they can be tested after 




While horizontal seismometers con¬ 
tain a pendulum attached to a wire, 
vertical units use a spring instead. 
When the ground vibrates during 
an earthquake, the pendulum 
remains still while the recorder 
moves, thus creating a record of the 
earth's movement. 

Some recorders consist of a coil that 
generates an electrial signal, which 
in turn is stored in computer mem¬ 
ory for later printing. A less sophis¬ 
ticated seismograph will have either 
a mirror that shines light onto light- 
sensitive paper, a pen that writes 
with quick-drying ink upon a roll of 
paper, or a heat pen that marks 
thermal paper. 
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A typical seismograph contains 3 
pendulums: one to record vertical 
movement and two to record hori¬ 
zontal movement. The seismometer 
unit is usually installed in a field, 
cavern, or vault, while the amplifiers 
and recording equipment are 
housed separately. 


being installed and before being put to work. 
Qualified computer programmers also test 
the software for bugs before shipment. 
While sensitivity and accuracy are important, 
timing is also critical, particularly in earth¬ 
quake prediction. Most modern seismo¬ 
graphs are connected to an atomic clock that 
is calibrated to Universal Time (formerly 
called Greenwich Time), thus insuring 
highly accurate information that all re¬ 
searchers can understand. 

Another critical aspect of quality control 
with modern seismographs is minimizing 
human error. While earlier seismographs 
were simple, and practically anyone could 
learn how to use them, contemporary seis¬ 
mographs are precise, sensitive devices that 
are complex and difficult to use. Today, 
seismograph researchers and workers must 
be trained by engineers and scientists from 
the manufacturing facility if they are not 
already qualified engineers and scientists 
themselves. They must learn how to run and 
maintain the seismograph as well as all auxil¬ 
iary equipment such as a computer. 

The Future 

Seismology is best known for the study of 
earthquakes. Its emphasis has not been on 
theoretical study of the earth’s structure, but 


rather on predicting and lessening the impact 
of earthquakes in vulnerable regions. Study 
of the earth’s interior has been directed 
towards searching for oil deposits, testing for 
ground instabilities before construction, and 
tracking down subterranean nuclear explo¬ 
sions. Earthquake prediction, however, is 
foremost. If researchers can determine 
beforehand that a quake will take place, pre¬ 
cautions such as increasing hospital and 
safety personnel can be scheduled. The first 
official earthquake prediction issued by the 
United States government took place only in 
1985. Hence, earthquake prediction is in its 
infancy. Recent major earthquakes such as 
the one that occurred in San Francisco in 
1989 have intensified study of the San 
Andreas fault. Currently, a team of seismol¬ 
ogists is studying the Parkfield segment of 
that fault to determine if they can predict a 
minor earthquake. The data from this 
attempt could come in handy to predict major 
earthquakes in more heavily populated areas. 
Other developments include more sensitive 
and more durable seismographs that can 
record both long and short period waves. 
One earth scientist believes that an earth¬ 
quake warning system could be set up. Such 
a system would require a seismograph to 
pick up the vibrations, a computer to inter¬ 
pret them as an imminent earthquake, and a 
communication system to warn emergency 
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personnel in time. Some experts envision 
large arrays of seismographs in earthquake- 
prone areas, where individual seismograph 
owners could collect and transmit data to 
seismologists. 

Where To Learn More 

Books 

Bolt, Bruce A. Earthquakes: A Primer. W. 
H. Freeman and Company, 1978. 

Eiby, George A. Earthquakes. Van Nostrand 
Reinhold, 1980. 

Golden, Frederic. The Trembling Earth: 
Probing and Predicting Quakes. Charles 
Scribner’s Sons, 1983. 

Iacopi, Robert. Earthquake Country. Lane 
Books, 1971. 


Vogt, Gregory. Predicting Earthquakes. 
Franklin Watts, 1989. 

Walker, Bruce. Earthquake. Time-Life 
Books, 1982. 

Periodicals 

Lindh, Allan G. “Earthquake Prediction 
Comes of Age,” Technology Review. Febru¬ 
ary/March 1990, pp. 42-51. 

“[Interview with] Allan Lindh,” Omni. 
March, 1991, pp. 68-71. 

“The Amateur Scientist,” Scientific Ameri¬ 
can. July, 1957, pp. 152-162. 

Van Dam, Laura. “Reducing Disasters Dur¬ 
ing Earthquakes,” Technology Review. Feb¬ 
ruary/March 1990, pp. 12-13. 

—Rose Secrest 
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Soap was used for 
shaving through the early 
1800s. In 1840, a 
concentrated soap that 
foamed was sold in tablets 
by Vroom and Fowler, 
whose Walnut Oil Military 
Shaving Soap was 
probably the first soap 
made especially for 
shaving. 


Background 

Shaving cream is a substance applied to the 
skin to facilitate removal of hair. Shaving 
cream softens and moistens the skin and the 
hair, thus making shaving more comfortable 
and contributing to smoother skin. The 
advantages of using shaving cream, rather 
than soap, oil, or just water, are many. Shav¬ 
ing with a modem bar of soap approximates 
shaving with cream but doesn’t provide all of 
the benefits: soap is only one element of 
many in a modem shaving preparation. 

According to Burma Shave chronicler Frank 
Rowsome, Jr., modem shaving cream began 
with Burma Shave, which achieved high 
sales volume almost immediately after it was 
introduced. Prior to that time, lather was pro¬ 
duced from a bar, and was basically another 
form of soap. 

Manufacturing soap itself is an ancient 
craft—the word comes from the Old English 
word sape. By the seventh century, Italian 
soapmakers were organized in a guild, and, in 
the next century, the Holy Roman Emperor 
Charlemagne recognized soapmakers as 
craftsman. In the fourteenth and fifteenth cen¬ 
turies soap was made at Savona, Italy. The 
modem French, Spanish and German words 
for soap (savon, jabon, and seife, respec¬ 
tively) are cognates of the name of that town. 

The early American settlers manufactured 
soap at home, using a method which called 
for mixing and heating animal fat with lye in 
a pot set over a fire, usually outdoors. This 
“open kettle” method of soap making was 
popular for years. Later adapted for large 
scale production, its use continued through 
the first half of the twentieth century. 


By the eighteenth century, soap makers real¬ 
ized that they could enhance their product by 
improving the quality of the fat and the 
purity of the lye they used. Castile soap, 
made in Spain and still available today, soon 
achieved eminence as a face soap because of 
its smoothness and quality. Castile soap orig¬ 
inally used olive oil rather than animal fat, 
and the modern version uses other fats and 
oils in addition to olive oil. 

Although Americans continued to make their 
own soap at home for many years, they also 
began to manufacture soap commercially 
during the late seventeenth and early eigh¬ 
teenth centuries. Because they utilized simi¬ 
lar materials and methods, soap makers were 
frequently in partnership with candle and tal¬ 
low makers. The first soap maker to render 
(purify by melting) fats at his own operation 
was William Colgate, who had learned his 
trade in the early 1800s in New York City. 
The company that today bears his name is a 
fnajor producer of soap and other cosmetic 
preparations. In the nineteenth century store¬ 
keepers purchased soap from manufacturers 
in large blocks, from which their customers 
in turn cut smaller chunks. Jesse Oakley of 
Newburgh, New York, became the first man¬ 
ufacturer to sell wrapped soap in a cake form 
that was a good size for home use. 

Soap was used for shaving through the early 
1800s. In 1840, a concentrated soap that 
foamed was sold in tablets by Vroom and 
Fowler, whose Walnut Oil Military Shaving 
Soap was probably the first soap made espe¬ 
cially for shaving. A century later, as the 
United States entered World War II, animal 
fats of relatively uncontrolled type and qual¬ 
ity were still being used to make soap. To 
help supply American troops with soap. 
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women were urged to save cans of cooking 
fat, and then bring them to local butchers 
who collected and delivered the fat to soap 
manufacturers. Because contaminants were 
inevitable in ingredients collected so haphaz¬ 
ardly, the soap makers had to heat, strain, and 
reheat the fats—a process both inefficient 
and expensive. However, by the end of the 
war, mounting questions about purity and 
consistency led to the creation of the modem, 
regulated soap and cosmetic industry. 

In addition to raising concerns about the 
quality of soap, World War II contributed to 
the invention of the spray can. Aerosol con¬ 
tainers were first invented during the war as a 
device for dealing with insects carrying 
malaria and other diseases. Initially assigned 
to the Secretary of Agriculture, the patent for 
this “bug bomb” was released to American 


industry after the war. When the first aerosol 
shaving cream appeared in 1950, it captured 
almost one fifth of the market for shaving 
preparations within a short time. Today, 
aerosol preparations dominate the shaving 
cream market. 

Raw Materials 

The goal of any shaving preparation is to wet 
and soften the hair to be shaved, cushion the 
effect of the razor, and provide a residual 
film to soothe the skin. This film should be 
of the proper pH value: neither excessively 
alkaline nor overly acidic, it should corre¬ 
spond to the skin’s pH level. 

Many manufacturers would have us believe 
that the recipes for shaving cream are care¬ 
fully guarded secrets. However, the secrecy 


In shaving cream manufacture, the 
fatty or oily materials are first com¬ 
bined and heated in a jacketed ket¬ 
tle, and then most of the remaining 
ingredients are added. The mixing 
continues while the mass cools, and 
then any desired perfumes are 
added. 
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revolves mostly around the quantities in 
which standard ingredients are used, and the 
choice of substitutes for the few ingredients 
that are variable. By law, ingredients are 
listed right on the container, except for per¬ 
fumes. Actual recipes are easily found in 
industrial chemistry textbooks available at 
many libraries. A standard recipe contains 
approximately 8.2 percent stearic acid, 3.7 
percent triethanolamine, .5 percent lanolin, 2 
percent glycerin, 6 percent polyoxyethylene 
sorbitan monostearate, and 79.6 percent 
water. 

Two major ingredients in this formula are 
common in many of today’s preparations. 
Stearic acid is one of the main ingredients in 
soap making, and triethanolamine is a surfac¬ 
tant, or surface-acting agent, which does the 
job of soap, albeit much better. While one 
end of a surfactant molecule attracts dirt and 
grease, the other end attracts water. Lanolin 
and polyoxyethylene sorbitan monostearate 
are both emulsifiers which hold water to the 
skin, while glycerin, a solvent and an emol¬ 
lient, renders skin softer and more supple. 

Common substitutes for the third, fourth, and 
fifth ingredients listed above include laureth 
23 and lauryl sulfate (both sudsing and foam¬ 
ing agents), waxes, cocamides (which 
cleanse and aid foaming), and lanolin deriva¬ 
tives (emulsifiers). Most ingredients are 
powdered or flaked, although lanolin, lanolin 
derivatives, and cocamides are liquids. 

The differences between one brand of shav¬ 
ing cream and another amount to adjustments 
in the proportions of ingredients and in the 
processing method (longer or shorter heating 
times, storage of the finished product, and so 
on), and choice of ingredients such as emul¬ 
sifiers or perfumes. Also important is the 
choice of aerosol propellant. Some mixtures 
contain more than one propellant; most com¬ 
mon are butane, isobutane, and propane. 
Though the wide range of choices for ingre¬ 
dients is well known, the exact combinations 
of ingredients represent the highest level of 
“magic” in modem chemistry. 

The Manufacturing 
Process 

The modem manufacture of shaving cream is 
a carefully controlled process. Although car¬ 


ried out on a large scale, its manufacture 
resembles a laboratory procedure involving 
only small quantities of ingredients. There 
are two main phases to the manufacturing 
process. 

I ln the first phase, the fatty or oily portions 
of the formula—stearic acid, lanolin, and 
polyoxyethylene sorbitan monostearate—are 
heated in a jacketed kettle to a temperature of 
approximately 179 to 188 degrees Fahrenheit 
(80 to 85 degrees Celsius). The jacketed ket¬ 
tle, which can hold as little as 300 gallons or 
as much as 10,000 gallons, resembles a dou¬ 
ble boiler: one container, placed inside 
another, is heated when steam is circulated 
through the outer container. Inside the inte¬ 
rior kettle are blades that revolve to mix the 
oils as they are heated. 

2 After the first group of ingredients has 
turned smooth over a period of roughly 
40 minutes, the steam is released from the 
outer container of the kettle, and the mixture 
is allowed to cool. 

3 The second phase of manufacture begins 
when the mixture has cooled to about 152 
degrees Fahrenheit (65 degrees Celsius). 
Most of the remaining ingredients—water, 
glycerin, and triethanolamine—are added 
now, and mixing continues for approxi¬ 
mately 40 minutes. 

4 When the mixture reaches a temperature 
of 125 to 134 degrees Fahrenheit (50 to 
55 degrees Celsius), perfumes or other scents 
can be added. Because perfumes consist pri¬ 
marily of highly volatile oils, they would 
evaporate if added when the blend was still 
warm. The formulas for perfumes, which 
can contain more than 200 different ingredi¬ 
ents, come closer to being trade secrets than 
information about shaving cream itself 
(though textbook and handbook formulas for 
perfume are not hard to come by). In recog¬ 
nition of this, manufacturers do not have to 
disclose information about fragrances. 

The mixture, still being stirred, is allowed 
to cool further, until it reaches a tempera¬ 
ture of 89 degrees Fahrenheit (30 degrees 
Celsius). Now a thickening white mass of 
highly viscous liquid, it is forced through a 
silk or stainless steel screen to eliminate any 
lumps that may have formed in the mixing 
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process, and to catch the rare impurity or for¬ 
eign object such as a small wood splinter. 

6 If this particular mixture is designated for 
tube packaging, it is now placed in a tube 
and fitted with a cap. After the bottom of the 
tube has been crimped, the product is ready 
for shipment and stocking on a store shelf. 

7 When the desired product is an aerosol 
spray, the shaving cream is poured into an 
open can. Next a valve and a cover are fitted 
onto the can and forced downward to form a 
seal. Propellant is then forced into the can 
through the valve. Most shaving preparations 
contain between four and five percent propel¬ 
lant; a larger amount would dry the shaving 
cream as it came out of the can, rendering it 
unusable. A small amount of material is 
intentionally released (purged) to relieve 
excess pressure, and the can is tested in water 
to make sure that the valve is holding tightly. 
The can is now ready to be shipped. 

Quality Control 

Today’s soaps, shaving creams, and lotions 
are all manufactured under strict quality con¬ 
trol, and regulated by various federal agencies 
including the Food and Drug Administration 
(FDA). Some states have their own regulatory 
agencies, though state agencies are more 
likely to focus on environmental concerns 
than product safety. Batches of shaving 
cream are examined and analyzed both at the 
manufacturing site and in the laboratory. Indi¬ 
vidual containers of shaving preparations are 
coded so that a manufacturer knows exactly 
which batch any given can or tube came from, 
and can identify its distribution history. 

A manufacturer of shaving cream needs to be 
certain that each batch meets quality stan¬ 
dards. Among the things tested for are pH 
value (the acidity or alkalinity of the prod¬ 
uct), the height of the foam when sprayed, 
and its absorption rate (spray the foam on a 
piece of paper—how long does it take till the 
bottom of the paper shows moisture?). 

Water quality must also be checked care¬ 
fully. Most manufacturers make sure the 
water they use is pure by exposing the water 
to ultraviolet light or using distilled water. 
Having a microbiologist on site to test the 
water and the final product is common in the 
industry. 



Where To Learn More 

Books 

DeNavarre, M. G. The Chemistry and Manu¬ 
facture of Cosmetics. Van Nostrand, 1962. 

Lubowe, Irwin I. Cosmetics and the Skin. 
Reinhold Publishing Corp., 1964. 

Men’s Shaving Products Market. Frost & 
Sullivan, 1990. 

Winter, Ruth. A Consumer’s Dictionary of 
Cosmetic Ingredients, Crown, 1989. 

Periodicals 

Brooks, Geoffrey J. and Fred Burmeister. 
“Preshave and Aftershave Products.” Cos¬ 
metics and Toiletries. April, 1990, pp. 67-69. 

“Creams and Lotions Formulary.” Cosmetics 
and Toiletries. November, 1986, pp. 139-70. 

“Deodorants, Antiperspirants and Shaving 
Products Formulary.” Cosmetics and Toi¬ 
letries. April, 1990, pp. 75-87. 

—Lawrence H. Berlow 


In a typical aerosol can, the shaving 
cream ingredients occupy only a 
small portion of the can. The propel¬ 
lant or gas occupies 4 to 5 percent 
of the can; a larger amount would 
dry the shaving cream as it came 
out of the can, rendering it unus¬ 
able. 
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PET was developed in 
1941, but it wasn't until 
the early 1970s that the 
plastic soda bottle became 
a reality. Nathaniel C. 
Wyeth, son of well-known 
painter N. C. Wyeth and 
an engineer for the Du 
Pont Corporation, finally 
developed a usable 
bottle after much 
experimentation. Wyeth's 
crucial discovery was a 
way to improve the blow¬ 
molding technique of 
making plastic bottles. 


Background 

The soda bottle so common today is made of 
polyethylene terephthalate (PET), a strong 
yet lightweight plastic. PET is used to make 
many products, such as polyester fabric, 
cable wraps, films, transformer insulation, 
generator parts, and packaging. It makes up 
6.4 percent of all packaging and 14 percent 
of all plastic containers, including the popu¬ 
lar soft drink bottle. Accounting for 43 per¬ 
cent of those sold, PET is the most widely 
used soft drink container. Aluminum, a close 
second, is 34 percent, while glass, which 
used to be 100 percent of the bottles, is only a 
small percentage of those sold today. 

Plastics were first made in the 1800s from 
natural substances that were characterized by 
having chains of molecules. When these 
substances were combined with other chemi¬ 
cals in the laboratory, they formed products 
of a plastic nature. While hailed as a revolu¬ 
tionary invention, early plastics had their 
share of problems, such as flammability and 
brittleness. Polyesters, the group of plastics 
to which PET belongs, were first developed 
in 1833, but these were mostly used in liquid 
varnishes, a far cry from the solid, versatile 
form they took later. 

Purely synthetic plastics that were a vast 
improvement on earlier plastics arrived in the 
early 1900s, yet they still had limited appli¬ 
cations. Experimentation continued, with 
most of the hundreds of new plastics created 
over the next several decades failing com¬ 
mercially. PET was developed in 1941, but 
it wasn’t until the early 1970s that the plastic 
soda bottle became a reality. Nathaniel C. 
Wyeth, son of well-known painter N. C. 
Wyeth and an engineer for the Du Pont Cor¬ 


poration, finally developed a usable bottle 
after much experimentation. 

Wyeth’s crucial discovery was a way to 
improve the blow-molding technique of 
making plastic bottles. Blow molding is 
ancient, having been used in glass-making 
technology for approximately two thousand 
years. Making plastic bottles by blow mold¬ 
ing didn’t happen until suitable plastics were 
developed around 1940, but production of 
these bottles was limited because of inconsis¬ 
tent wall thickness, irregular bottle necks, 
and difficulty in trimming the finished prod¬ 
uct. Wyeth’s invention of stretch blow mold¬ 
ing in 1973 solved these problems, yielding a 
strong, lightweight, flexible bottle. 

The overwhelming success of PET soda bot¬ 
tles—in 1991, more than eight billion bottles 
were manufactured in the U.S.—has resulted 
in a disposal problem, but recycling of the 
bottles is growing, and manufacturers are 
finding new ways to use recycled PET. 

Raw Materials 

PET is a polymer, a substance consisting of a 
chain of repeating organic molecules with 
great molecular weight. Like most plastics, 
PET is ultimately derived from petroleum 
hydrocarbons. It is created by a reaction 
between terephthalic acid (CsfLCh) and eth¬ 
ylene glycol (CiHsCh). 

Terephthalic acid is an acid formed by the 
oxidation of para-xylene (CsHto), an aromatic 
hydrocarbon, using just air or nitric acid. 
Para-xylene is derived from coal tar and 
petroleum using fractional distillation, a 
process that utilizes the different boiling 
points of compounds to cause them to “fall 
out” at different points of the process. 
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Ethylene glycol is derived from ethylene 
(C2H4) indirectly through ethylene oxide 
(C2H4O), a substance also found in antifreeze. 
Ethylene is a gaseous hydrocarbon that is pre¬ 
sent in petroleum and natural gas, but is usu¬ 
ally derived industrially by heating ethane or 
an ethane-propane mixture. 

The Manufacturing 
Process 

Polymerization 

1 Before the bottles can be made, the PET 
itself must be manufactured, or polymer¬ 
ized. In polymerization, smaller molecules 
are combined to form larger substances. To 
make PET, terephthalic acid is first com¬ 
bined with methanol (CHOH). This reaction 
yields dimethyl terephthalate and water. 


Next, the dimethyl terephthalatf is combined 
with an excess of ethylene glycol at 305 
degrees Fahrenheit (150 degrees Celsius) to 
yield another substance, bis 2-hydroxyethyl 
terephthalate and methanol. 

2 The final step of polymerization involves 
the condensation polymerization of the 
bis 2-hydroxyethyl terephthalate. In this 
process, a polymer is formed while another 
molecule is released, or “falls out.” The con¬ 
densation polymerization of bis 2-hydrox- 
yethyl terephthalate is carried out in a vac¬ 
uum at 530 degrees Fahrenheit (275 degrees 
Celsius) and results in chains of PET and eth¬ 
ylene glycol (see step #1 above); the latter 
substance is continuously removed during 
polymerization and used to make more PET. 
After the PET mixture reaches the required 
viscosity (thickness), it is cooled to avoid 


In plastic soda bottle manufacture, 
the plastic—polyethylene terephtha¬ 
late (PET)—is first polymerized, 
which involves creating long strings 
of molecules. Once the plastic is 
prepared, it undergoes stretch blow 
molding. In this process, a long tube 
(parison) of PET is put into a mold, 
and a steel rod (mandrel) is inserted 
into it. Next, highly pressurized air 
shoots through the mandrel and 
forces the parison against the walls 
of the mold. A separate bottom 
piece is inserted into the mold to 
shape the bottle so that it can stand 
on a flat surface. 
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degradation and discoloration. Later, it can 
be reheated for its various uses. 

Bottle-making 

3 PET beverage bottles are made using a 
process known as stretch blow molding 
(also called orientation blow molding). First, 
PET pellets are injection molded—heated 
and put into a mold—into a thin walled tube 
of plastic, called a parison. The parison is 
then cooled and cut to the proper length. 

4 Next, the parison tube is re-heated and 
placed into another mold, which is 
shaped like a soda bottle, complete with 
screwtop. A steel rod (a mandrel) is slid into 
the parison. Highly pressurized air then 
shoots through the mandrel and fills the pari¬ 
son, pressing it against the inside walls of the 
mold. The pressure of the air stretches the 
plastic both radially (“out”) and axially 
(“down”). The combination of high tempera¬ 
ture and stretching in the desired direction 
causes the molecules to polarize, line up and 
essentially crystallize to produce a bottle of 
superior strength. The entire procedure must 
be done quickly, and the plastic must be 
pressed firmly against the wall, or the bottle 
will come out misshapen. In order to give the 
bottom of the bottle its proper concave 
shape—so that it can stand upright—a sepa¬ 
rate bottom piece is attached to the mold dur¬ 
ing the blowing process. 

The mold must then be cooled. Different 
cooling methods are used. Water in pipes 
may flow around the mold, or liquid carbon 
dioxide, highly pressurized moist air, or 
room air is shot into the bottle to cool it more 
directly. The procedure is preferably done 
quickly, to set the bottle before creep (flow) 
occurs. 

The bottle is then removed from the mold. 
In mass production, small bottles are 
formed continuously in a string of attached 
bottles that are separated and trimmed. Other 
trimming must be done wherever the plastic 
leaked through the cracks of the mold (like 
the way pancake batter does when squeezed 
in a waffle maker). Ten to 25 percent of the 
plastic is lost this way, but it can be reused. 

7 Some soft drink producers make their 
own bottles, but usually finished bottles 


are sent from specialty manufacturers to soft 
drink companies in trucks. Plastic is cheap 
to transport because it is light. Accessories 
such as lids and labels are manufactured sep¬ 
arately. Occasionally, the plastic bottle man¬ 
ufacturer will put labels supplied by the soft 
drink company on the bottles before shipping 
them. 

Quality Control 

Polymerization is a delicate reaction that is 
difficult to regulate once the conditions are 
set and the process is set into motion. All 
molecules produced during the reaction, 
some of which might be side effects and 
impurities, remain in the finished product. 
Once the reaction gets going, it’s impossible 
to stop it at mid-point and remove impurities, 
and it is also difficult and expensive to elimi¬ 
nate unwanted products when the reaction is 
complete. Purifying polymers is an expen¬ 
sive process, and quality is hard to deter¬ 
mine. Variations in the polymerization 
process could make changes that are unde¬ 
tectable in routine control tests. 

The polymerization of terephthalic acid and 
ethylene glycol can yield two impurities: 
diethylene glycol and acetaldehyde. The 
amount of diethylene glycol is kept to a min¬ 
imum, so that PET’s final properties are not 
affected. Acetaldehyde, which is formed 
during the polymerization as well as during 
the production of the bottle, will give a funny 
taste to the soft drink if it occurs in large 
enough amounts. By using optimum injec¬ 
tion-molding techniques that expose the 
polymer to heat for a short time, very low 
concentrations of acetaldehyde appear and 
the taste of the beverage will be unaffected. 

Testing is performed on those specific char¬ 
acteristics of PET that make it perfect for 
beverage bottles. Numerous standards and 
tests have been developed for plastics over 
the years. For instance, PET must be shatter¬ 
proof under normal conditions, so bottles 
undergo impact resistance tests that involve 
dropping them from a specific height and hit¬ 
ting them with a specified force. Also, the 
bottle must hold its shape as well as resist 
pressure while stacked, so resistance to creep 
is measured by testing for deformity under 
pressure. In addition, soft drinks contain car¬ 
bon dioxide; that’s what gives them their 
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fizz. If carbon dioxide were able to escape 
through the bottle’s plastic walls, most bev¬ 
erages bought would have already gone flat. 
Hence, the bottle’s permeability to carbon 
dioxide is tested. Even its transparency and 
gloss are tested. All tests aim for consistency 
of size, shape, and other factors. 

Recycling 

A large number of the billions of PET bottles 
produced every year are thrown away, pro¬ 
ducing a serious environmental concern. 
Action has already been taken to stem the 
waste flow, mainly in the area of recycling. 
Only aluminum fetches a higher price at the 
recycling center than PET, so, at a one to two 
pecent recovery rate, PET is the most exten¬ 
sively recycled plastic. Products made from 
recycled PET bottles include carpeting, con¬ 
crete, insulation, and automobile parts. Still, 
it wasn’t until 1991 that the first PET soda 
bottle using recycled PET appeared. Consist¬ 
ing of 25 percent recycled PET, the bottle was 
introduced by Coca-Cola and Hoechst 
Celanese Corporation for use in North Car¬ 
olina. By 1992, this bottle was being used in 
14 other states, and other manufacturers (such 
as Pepsi, in partnership with Constar Interna¬ 
tional Inc.) had produced a similar bottle. 

Despite PET’s high recycling rate compared 
to other plastics, many companies and offi¬ 
cials want to make it even higher. Current 
plans are to look into PET incineration, in 
which it is claimed that, if done properly, the 
products of complete combustion are merely 
carbon dioxide and water. Current goals of 
state and federal governments are that 25 to 
50 percent of PET be recycled, that recycling 
of PET be made available to one-half of the 
United States population, and that 4000 curb- 
side recycling programs be implemented in 
the near future. In 1990, according to the 
National Association for Plastic Container 
Recovery, there were 577 curbside programs 
for PET. 

Where To Learn More 

Books 

Beck, Ronald D. Plastic Product Design. 
Van Nostrand Reinhold, 1970. 



Kaufman, Morris. Giant Molecules: The 
Technology of Plastics, Fibers, and Rubber. 
Doubleday, 1968. 

Modern Plastics Encyclopedia, 1981-82. 
McGraw-Hill, 1981. 

Richardson, Terry A. Industrial Plastics: 
Theory and Application. South-Western Pub¬ 
lishing, 1983. 

Wolf, Nancy and Ellen Feldman. Plastics: 
America’s Packaging Dilemma. Island Press, 
1991. 

Periodicals 

“Picked Up, Dropped Off.” Beverage World. 
August, 1992, p. 16. 

Kirkman, Angela and Charles H. Kline. 
“Recycling Plastics Today.” Chemtech. 
October, 1991, pp. 606-614. 

Sfiligoj, Eric. “Answering the Critics: Recy¬ 
clable Polyethylene Terephthalate Beverage 
Containers Are Replacing Glass Bottles.” 
Beverage World. June, 1992, p. 34. 

—Rose Secrest 


PET bottles now account for 43 per¬ 
cent of the soft drink container mar¬ 
ket. The overwhelming success of 
PET soda bottles—in 1991, more 
than eight billion bottles were man¬ 
ufactured in the U.S.—has resulted 
in a disposal problem, but recycling 
of the bottles is growing, and manu¬ 
facturers are finding new ways to 
use recycled PET. 
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Solar Cell 


When research into 
electricity began and 
simple batteries were 
being made and studied, 
research into solar 
electricity followed 
amazingly quickly. As 
early as 1839, Antoine- 
Cesar Becquerel exposed 
a chemical battery to the 
sun to see it produce 
voltage. This first 
conversion of sunlight to 
electricity was one percent 
efficient—one percent of 
the incoming sunlight was 
converted into electricity. 


Background 

Photovoltaic solar cells are thin silicon disks 
that convert sunlight into electricity. These 
disks act as energy sources for a wide variety 
of uses, including: calculators and other 
small devices; telecommunications; rooftop 
panels on individual houses; and for lighting, 
pumping, and medical refrigeration for vil¬ 
lages in developing countries. Solar cells in 
the form of large arrays are used to power 
satellites and, in rare cases, to provide elec¬ 
tricity for power plants. 

When research into electricity began and 
simple batteries were being made and stud¬ 
ied, research into solar electricity followed 
amazingly quickly. As early as 1839, 
Antoine-Cesar Becquerel exposed a chemi¬ 
cal battery to the sun to see it produce volt¬ 
age. This first conversion of sunlight to elec¬ 
tricity was one percent efficient. That is, one 
percent of the incoming sunlight was con¬ 
verted into electricity. Willoughby Smith in 
1873 discovered that selenium was sensitive 
to light; in 1877 Adams and Day noted that 
selenium, when exposed to light, produced 
an electrical current. Charles Fritts, in the 
1880s, also used gold-coated selenium to 
make the first solar cell, again only one per¬ 
cent efficient. Nevertheless, Fritts consid¬ 
ered his cells to be revolutionary. He envi¬ 
sioned free solar energy to be a means of 
decentralization, predicting that solar cells 
would replace power plants with individually 
powered residences. 

With Albert Einstein’s explanation in 1905 of 
the photoelectric effect—metal absorbs 
energy from light and will retain that energy 
until too much light hits it—hope soared anew 
that solar electricity at higher efficiencies 


would become feasible. Little progress was 
made, however, until research into diodes and 
transistors yielded the knowledge necessary 
for Bell scientists Gordon Pearson, Darryl 
Chapin, and Cal Fuller to produce a silicon 
solar cell of four percent efficiency in 1954. 

Further work brought the cell’s efficiency up 
to 15 percent. Solar cells were first used in 
the rural and isolated city of Americus, Geor¬ 
gia as a power source for a telephone relay 
system, where it was used successfully for 
many years. 

A type of solar cell to fully meet domestic 
energy needs has not as yet been developed, 
but solar cells have become successful in 
providing energy for artificial satellites. Fuel 
systems and regular batteries were too heavy 
in a program where every ounce mattered. 
Solar cells provide more energy per ounce of 
weight than all other conventional energy 
sources, and they are cost-effective. 

Only a few large scale photovoltaic power 
systems have been set up. Most efforts lean 
toward providing solar cell technology to 
remote places that have no other means of 
sophisticated power. About 50 megawatts 
are installed each year, yet solar cells provide 
only about .1 percent of all electricity now 
being produced. Supporters of solar energy 
claim that the amount of solar radiation 
reaching the Earth’s surface each year could 
easily provide all our energy needs several 
times over, yet solar cells have a long way to 
go before they fulfill Charles Fritts’s dream 
of free, fully accessible solar electricity. 

Raw Materials 

The basic component of a solar cell is pure 
silicon, which is not pure in its natural state. 
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To make solar cells, the raw materi¬ 
als—silicon dioxide of either 
quartzite gravel or crushed 
quartz—are first placed into an 
electric arc furnace, where a carbon 
arc is applied to release the oxygen. 
The products are carbon dioxide 
and molten silicon. At this point, the 
silicon is still not pure enough to be 
used for solar cells and requires fur¬ 
ther purification. 


Pure silicon is derived from such silicon 
dioxides as quartzite gravel (the purest silica) 
or crushed quartz. The resulting pure silicon 
is then doped (treated with) with phospho¬ 
rous and boron to produce an excess of elec¬ 
trons and a deficiency of electrons respec¬ 
tively to make a semiconductor capable of 
conducting electricity. The silicon disks are 
shiny and require an anti-reflective coating, 
usually titanium dioxide. 

The solar module consists of the silicon 
semiconductor surrounded by protective 
material in a metal frame. The protective 
material consists of an encapsulant of trans¬ 
parent silicon rubber or butyryl plastic (com¬ 
monly used in automobile windshields) 
bonded around the cells, which are then 
embedded in ethylene vinyl acetate. A poly¬ 
ester film (such as mylar or tedlar) makes up 
the backing. A glass cover is found on ter¬ 
restrial arrays, a lightweight plastic cover on 
satellite arrays. The electronic parts are stan¬ 
dard and consist mostly of copper. The frame 
is either steel or aluminum. Silicon is used as 
the cement to put it all together. 

The Manufacturing 
Process 

Purifying the silicon 

I The silicon dioxide of either quartzite 
gravel or crushed quartz is placed into an 
electric arc furnace. A carbon arc is then 
applied to release the oxygen. The products 
are carbon dioxide and molten silicon. This 
simple process yields silicon with one per¬ 
cent impurity, useful in many industries but 
not the solar cell industry. 


2 The 99 percent pure silicon is purified 
even further using the floating zone tech¬ 
nique. A rod of impure silicon is passed 
through a heated zone several times in the 
same direction. This procedure “drags” the 
impurities toward one end with each pass. At 
a specific point, the silicon is deemed pure, 
and the impure end is removed. 

Making single crystal silicon 

3 Solar cells are made from silicon boules, 
polycrystalline structures that have the 
atomic structure of a single crystal. The most 
commonly used process for creating the 
boule is called the Czochralski method. In 
this process, a seed crystal of silicon is 
dipped into melted polycrystalline silicon. 
As the seed crystal is withdrawn and rotated, 
a cylindrical ingot or “boule” of silicon is 
formed. The ingot withdrawn is unusually 
pure, because impurities tend to remain in 
the liquid. 

Making silicon wafers 

4 From the boule, silicon wafers are sliced 
one at a time using a circular saw whose 
inner diameter cuts into the rod, or many at 
once with a multiwire saw. (A diamond saw 
produces cuts that are as wide as the wafer— 
.5 millimeter thick.) Only about one-half of 
the silicon is lost from the boule to the fin¬ 
ished circular wafer—more if the wafer is 
then cut to be rectangular or hexagonal. Rec¬ 
tangular or hexagonal wafers are sometimes 
used in solar cells because they can be fitted 
together perfectly, thereby utilizing all avail¬ 
able space on the front surface of the solar 
cell. 


4 1 5 




How Products Are Made, Volume 1 



After the initial purification, the sili¬ 
con is further refined in a floating 
zone process. In this process, a sili¬ 
con rod is passed through a heated 
zone several times, which serves to 
"drag" the impurities toward one 
end of the rod. The impure end can 
then be removed. 

Next, a silicon seed crystal is put 
into a Czochralski growth appara¬ 
tus, where it is dipped into melted 
polycrystalline silicon. The seed 
crystal rotates as it is withdrawn, 
forming a cylindrical ingot of very 
pure silicon. Wafers are then sliced 
out of the ingot. 


The wafers are then polished to remove 
saw marks. (It has recently been found 
that rougher cells absorb light more effec¬ 
tively, therefore some manufacturers have 
chosen not to polish the wafer.) 

Doping 

6 The traditional way of doping (adding 
impurities to) silicon wafers with boron 
and phosphorous is to introduce a small 
amount of boron during the Czochralski 
process in step #3 above. The wafers are then 
sealed back to back and placed in a furnace 
to be heated to slightly below the melting 
point of silicon (2,570 degrees Fahrenheit or 
1,410 degrees Celsius) in the presence of 
phosphorous gas. The phosphorous atoms 
“burrow” into the silicon, which is more 
porous because it is close to becoming a liq¬ 


uid. The temperature and time given to the 
process is carefully controlled to ensure a 
uniform junction of proper depth. 

A more recent way of doping silicon with 
phosphorous is to use a small particle accel¬ 
erator to shoot phosphorous ions into the 
ingot. By controlling the speed of the ions, it 
is possible to control their penetrating depth. 
This new process, however, has generally not 
been accepted by commercial manufacturers. 

Placing electrical contacts 

7 Electrical contacts connect each solar cell 
to another and to the receiver of produced 
current. The contacts must be very thin (at 
least in the front) so as not to block sunlight 
to the cell. Metals such as palladium/silver, 
nickel, or copper are vacuum-evaporated 
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through a photoresist, silkscreened, or 
merely deposited on the exposed portion of 
cells that have been partially covered with 
wax. All three methods involve a system in 
which the part of the cell on which a contact 
is not desired is protected, while the rest of 
the cell is exposed to the metal. 

8 After the contacts are in place, thin strips 
(“fingers”) are placed between cells. The 
most commonly used strips are tin-coated 
copper. 

The anti-reflective coating 

9 Because pure silicon is shiny, it can 
reflect up to 35 percent of the sunlight. 
To reduce the amount of sunlight lost, an 
anti-reflective coating is put on the silicon 
wafer. The most commonly used coatings are 


titanium dioxide and silicon oxide, though 
others are used. The material used for coat¬ 
ing is either heated until its molecules boil 
off and travel to the silicon and condense, or 
the material undergoes sputtering. In this 
process, a high voltage knocks molecules off 
the material and deposits them onto the sili¬ 
con at the opposite electrode. Yet another 
method is to allow the silicon itself to react 
with oxygen- or nitrogen-containing gases to 
form silicon dioxide or silicon nitride. Com¬ 
mercial solar cell manufacturers use silicon 
nitride. 

Encapsulating the cell 

The finished solar cells are then encap¬ 
sulated; that is, sealed into silicon rub¬ 
ber or ethylene vinyl acetate. The encapsu¬ 
lated solar cells are then placed into an 



This illustration shows the makeup 
of a typical solar cell. The cells are 
encapsulated in ethylene vinyl 
acetate and placed in a metal 
frame that has a mylar backsheet 
and glass cover. 
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aluminum frame that has a mylar or tedlar 
backsheet and a glass or plastic cover. 

Quality Control 

Quality control is important in solar cell 
manufacture because discrepancy in the 
many processes and factors can adversely 
affect the overall efficiency of the cells. The 
primary research goal is to find ways to 
improve the efficiency of each solar cell over 
a longer lifetime. The Low Cost Solar Array 
Project (initiated by the United States 
Department of Energy in the late 1970s) 
sponsored private research that aimed to 
lower the cost of solar cells. The silicon itself 
is tested for purity, crystal orientation, and 
resistivity. Manufacturers also test for the 
presence of oxygen (which affects its 
strength and resistance to warp) and carbon 
(which causes defects). Finished silicon 
disks are inspected for any damage, flaking, 
or bending that might have occurred during 
sawing, polishing, and etching. 

During the entire silicon disk manufacturing 
process, the temperature, pressure, speed, 
and quantities of dopants are continuously 
monitored. Steps are also taken to ensure 
that impurities in the air and on working sur¬ 
faces are kept to a minimum. 

The completed semiconductors must then 
undergo electrical tests to see that the cur¬ 
rent, voltage, and resistance for each meet 
appropriate standards. An earlier problem 
with solar cells was a tendency to stop work¬ 
ing when partially shaded. This problem has 
been alleviated by providing shunt diodes 
that reduce dangerously high voltages to the 
cell. Shunt resistance must then be tested 
using partially shaded junctions. 

An important test of solar modules involves 
providing test cells with conditions and 
intensity of light that they will encounter 
under normal conditions and then checking 
to see that they perform well. The cells are 
also exposed to heat and cold and tested 
against vibration, twisting, and hail. 

The final test for solar modules is field site 
testing, in which finished modules are placed 
where they will actually be used. This pro¬ 
vides the researcher with the best data for 
determining the efficiency of a solar cell 
under ambient conditions and the solar cell’s 


effective lifetime, the most important factors 
of all. 

The Future 

Considering the present state of relatively 
expensive, inefficient solar cells, the future 
can only improve. Some experts predict it 
will be a billion-dollar industry by the year 
2000. This prediction is supported by evi¬ 
dence of more rooftop photovoltaic systems 
being developed in such countries as Japan, 
Germany, and Italy. Plans to begin the manu¬ 
facture of solar cells have been established in 
Mexico and China. Likewise, Egypt, 
Botswana, and the Philippines (all three 
assisted by American companies) are build¬ 
ing plants that will manufacture solar cells. 

Most current research aims for reducing solar 
cell cost or increasing efficiency. Innova¬ 
tions in solar cell technology include devel¬ 
oping and manufacturing cheaper alternatives 
to the expensive crystalline silicon cells. 
These alternatives include solar windows that 
mimic photosynthesis, and smaller cells made 
from tiny, amorphous silicon balls. Already, 
amorphous silicon and polycrystalline silicon 
are gaining popularity at the expense of single 
crystal silicon. Additional innovations includ¬ 
ing minimizing shade and focusing sunlight 
through prismatic lenses. This involves layers 
of different materials (notably, gallium 
arsenide and silicon) that absorb light at dif¬ 
ferent frequencies, thereby increasing the 
amount of sunlight effectively used for elec¬ 
tricity production. 

,* 

A few experts foresee the adaptation of 
hybrid houses; that is, houses that utilize solar 
water heaters, passive solar heating, and solar 
cells for reduced energy needs. Another view 
concerns the space shuttle placing more and 
more solar arrays into orbit, a solar power 
satellite that beams power to Earth solar array 
farms, and even a space colony that will man¬ 
ufacture solar arrays to be used on Earth. 

Where To Learn More 

Books 

Bullock, Charles E. and Peter H. Grambs. 
Solar Electricity: Making the Sun Work for 
You. Monegon, Ltd., 1981. 

Komp, Richard J. Practical Photovoltaics. 
Aatec Publications, 1984. 
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Making and Using Electricity from the Sun. 
Tab Books, 1979. 

Periodicals 

Crawford, Mark. “DOE’s Born-Again Solar 
Energy Plan,” Science. March 23, 1990, pp. 
1403-1404. 


Edelson, Edward. “Solar Cell Update,” Pop¬ 
ular Science. June, 1992, p. 95. 

Murray, Charles J. “Solar Power’s Bright 
Hope,” Design News. March 11, 1991, p. 30. 

—Rose Secrest 


“Waiting for the Sunrise,” Economist. May 
19, 1990, pp. 95+. 
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Spark plugs are under 
constant attack by 
corrosive gases at 4,500 
degrees Fahrenheit, 
crushing pressures of 
2,000 pounds per square 
inch, and electrical 
discharges of up to 
18,000 volts. This 
unrelenting assault under 
the hood of a typical 
automobile occurs dozens 
of times per second and 
over a million times in a 
day's worth of driving. 


Background 

The purpose of a spark plug is to provide a 
place for an electric spark that is hot enough 
to ignite the air/fuel mixture inside the com¬ 
bustion chamber of an internal combustion 
engine. This is done by a high voltage current 
arcing across a gap on the spark plug. 

A spark plug is made of a center electrode, an 
insulator, a metal casing or shell, and a side 
electrode (also called a ground electrode). 
The center electrode is a thick metal wire that 
lies lengthwise within the plug and conducts 
electricity from the ignition cable hooked to 
one end of the plug to the electrode gap at the 
other end. The insulator is a ceramic casing 
that surrounds much of the center electrode; 
both the upper and lower portions of the cen¬ 
ter electrode remain exposed. The metal cas¬ 
ing or shell is a hexagon-shaped shell with 
threads, which allow the spark plug to be 
installed into a tapped socket in the engine 
cylinder head. The side electrode is a short, 
thick wire made of nickel alloy that is con¬ 
nected to the metal shell and extends toward 
the center electrode. The tips of the side and 
center electrodes are about 0.020 - 0.080 inch 
apart from each other (depending on the type 
of engine), creating the gap for the spark to 
jump across. 

The several hundred types of spark plugs 
available cover a variety of internal-combus¬ 
tion engine-driven transportation, work, and 
pleasure vehicles. Spark plugs are used in 
automobiles, trucks, buses, tractors, boats 
(inboard and outboard), aircraft, motorcy¬ 
cles, scooters, industrial and oil field 
engines, oil burners, power mowers and 
chain saws. Turbine igniters, a type of spark 
plug, help power the jet engines in most 


large commercial aircraft today while glow- 
plugs are used in diesel engine applications. 

The heat range or rating of a spark plug refers 
to its thermal characteristics. It is the measure 
of how long it takes heat to be removed from 
the tip of the plug, the firing end, and trans¬ 
ferred to the engine cylinder head. At the time 
of the spark, if the plug tip temperature is too 
cold, carbon, oil, and combustion products 
can cause the plug to “foul out” or fail. If the 
plug tip temperature is too hot, preignition 
occurs, the center electrode bums, and the 
piston may be damaged. Heat range is 
changed by altering the length of the insulator 
nose, depending on the type of engine, the 
load on the engine, the type of fuel, and other 
factors. For a “hot” plug, an insulator with a 
long conical nose is used; for a “cold” plug, a 
short-nosed insulator is used. 

Spark plugs are under constant chemical, 
thermal, physical, and electrical attack by 
corrosive gases at 4,500 degrees Fahrenheit, 
crushing pressures of 2,000 pounds per 
square inch (PSI), and electrical discharges of 
up to 18,000 volts. This unrelenting assault 
under the hood of a typical automobile occurs 
dozens of times per second and over a million 
times in a day’s worth of driving. 

History 

The spark plug evolved with the internal 
combustion engine, but the earliest demon¬ 
stration of the use of an electric spark to 
ignite a fuel-air mixture was in 1777. In that 
year, Alessandro Volta loaded a toy pistol 
with a mixture of marsh gas and air, corked 
the muzzle, and ignited the charge with a 
spark from a Leyden jar. 

In 1860, French engineer Jean Lenoir created 
what most closely resembles the spark plug 
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To make spark plugs, manufactur¬ 
ers first extrude or cold-form steel to 
the proper hollow shape (1). At this 
point, the steel forms are called 
"blanks." Next, these blanks 
undergo further forming operations 
such as machining and knurling (2), 
and then the side electrode—with 
only a partial bend—is attached 
(3). The ceramic insulator, with a 
hollow bore through its center, is 
molded under pressure (4). 


of today. He combined an insulator, elec¬ 
trodes, and spark gap in a single unit. As part 
of his patent application for the internal com¬ 
bustion engine that year, he devoted one sen¬ 
tence to describing the spark plug. He refined 
this spark plug in 1885. 

In the early 1900s, Robert and Frank Strana- 
han, brothers and partners in an automobile 
parts importing business, set out to produce a 
more efficient and durable spark plug. They 
added gaskets between the metal shell and 
porcelain insulator, made manufacturing 
easier, and reduced the possibility of gas 
leakage past the gaskets. In 1909, Robert 
Stranahan sold the plug to one automobile 
manufacturer and went into the spark plug 
manufacturing business, cornering the mar¬ 
ket at that time. 

The industry exploded as the age of the auto¬ 
mobile opened. Eventually, variations in igni¬ 
tion systems, fuel, and performance require¬ 
ments placed new demands on spark plugs. 
Although the basic design and function of the 
plug has changed little since its inception, a 
staggering variety and number of electrode 
and insulator materials have been tried. 

Raw Materials 

The electrodes in a spark plug typically con¬ 
sist of high-nickel alloys, while the insulator 
is generally made of aluminum oxide 
ceramic and the shell is made of steel wire. 

Selection of materials for both the electrodes 
and the insulator have consumed much 
research and development time and cost. One 


major spark plug manufacturer claims to 
have tested 2,000 electrode materials and 
over 25,000 insulator combinations. As elec¬ 
trodes erode, the gap between them widens, 
and it takes more voltage than the ignition 
system can provide to fire them. High-nickel 
alloys have been improved and thicker elec¬ 
trodes have been used to reduce engine per¬ 
formance loss. In addition, precious and 
exotic metals are increasingly being used by 
manufacturers. Many modem plugs feature 
silver, gold, and platinum in the electrodes, 
not to mention center electrodes with copper 
cores. Silver has superior thermal conductiv¬ 
ity over other electrode metals, while plat¬ 
inum has excellent corrosion resistance. 

Insulator material also can have a dramatic 
effect on spark plug performance. Research 
continues to find a material that better 
reduces flashover, or electrical leakage, from 
the plug’s terminal to the shell. The break¬ 
through use of Sillimanite, a material that is 
found in a natural state and also produced 
artificially, has been succeeded by the use of 
more heat-resistant aluminum oxide ceram¬ 
ics, the composition of which are manufac¬ 
turers’ secrets. 

One major manufacturer’s process for mak¬ 
ing the insulator involves wet grinding 
batches of ceramic pellets in ball mills, under 
carefully controlled conditions. Definite size 
and shape of the pellets produce the free- 
flowing substance needed to make a quality 
insulator. The pellets are obtained through a 
rigid spray-drying operation that removes the 
water from the ceramic mixture, until it is 
ready for pouring into molds. 
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The Manufacturing 
Process 

Each major element of the spark plug—the 
center electrode, the side electrode, the insu¬ 
lator, and the shell—is manufactured in a 
continuous in-line assembly process. Then, 
the side electrode is attached to the shell and 
the center electrode is fitted inside the insula¬ 
tor. Finally, the major parts are assembled 
into a single unit. 

Shell 

The one-piece spark plug shells can be 
made in several ways. When solid steel 
wire is used, the steel can be cold-formed, 
whereby coils of steel are formed and 
molded at relatively low temperatures. Or, 
the steel can be extruded, a process in which 
the metal is heated and then pushed through a 
shaped orifice (called a die ) to produce the 
proper hollow shape. Shells can also be made 
from bars of steel that are fed into automatic 
screw machines. These machines completely 
form the shell, drill the hole through it, and 
ream it—a process that improves the finish 
of the drilled hole and makes the size of the 
hole more exact. 

2 The formed or extruded shells—called 
blanks until they’re molded into their 
final shapes—require secondary operations 
to be performed on them, such as machining 
and knurling. Knurling a shell blank involves 
passing it through hard, patterned rollers, 
which form a series of ridges on the outside 
of the blank. Similarly, machining-—in 
which machine tools cut into the exterior of 
the shell blank—generates shapes and con¬ 
tours on the outside of the shell. The shells 
are now in their final shape and are complete 
except for threads and side electrodes. 

Side electrode 

3 The side electrode is made of a nickel 
alloy wire, which is fed from rolls into an 
electric welder, straightened, and welded to 
the shell. It is then cut to the proper length. 
Finally, the side electrode is given a partial 
bend; it is given its final bend after the rest of 
the plug assembly is in place. 

4 The threads are then rolled on the shells. 

Now complete, the shells are usually 
given a permanent and protective silvery fin¬ 


ish by an electrolytic process. In this process, 
the shell is placed in a solution of acids, salts, 
or alkalis, and an electrical current is passed 
through the solution. The result is a thin 
metal coating applied evenly over the shell. 

Insulator 

Insulators are supplied from stock stor¬ 
age. Ceramic material for the insulator in 
liquid form is first poured into rubber molds. 
Special presses automatically apply hydraulic 
pressure to produce unfired insulator blanks. 
The dimensions of the bore—the hollow part 
of the insulator—into which the center elec¬ 
trodes will be pressed are rigidly controlled. 

6 Special contour grinding machines give 
the pressed insulator blanks their final 
exterior shape before the insulators are fired 
in a tunnel kiln to temperatures in excess of 
2,700 degrees Fahrenheit. The computer- 
controlled process produces insulators that 
are uniformly strong, dense, and resistive to 
moisture. The insulators may be fired again 
after identifying marks and a glaze are 
applied. 

Center electrode 

7 The nickel alloy center electrode is first 
electrically welded to the basic steel ter¬ 
minal stud, a narrow metal wire that runs 
from the middle of the plug to the lower end 
(the opposite end from the electrode gap). 
The terminal stud is attached to a nut, which 
jo turn is attached to the ignition cable that 
supplies the electric current to the plug. 

8 The center electrode/terminal stud assem¬ 
bly is sealed into the insulator and tamped 
under extreme pressure. Insulator assemblies 
are then sealed in the metal shell under 6,000 
pounds pressure. After reaming to correct 
depth and angle, the rim or edge of the 
shell—called the flange —is bent or crimped 
to complete a gas-tight seal. Spark plug gas¬ 
kets from stock are crimped over the plug 
body so that they won’t fall off. 

9 To form the proper gap between the two 
electrodes, the center electrode of the 
now completely assembled spark plug is 
machine-trimmed to specifications, and the 
ground electrode is given a final bend. 
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The terminal stud and center elec¬ 
trode are electrically welded 
together and then inserted through 
the bore inside the insulator (5). This 
assembly is then sealed under 
extreme pressure. Finally, the center 
electrode is machined to its exact 
shape, and the side electrode is 
given its final bend (6). 


Packaging 

After a final inspection, the spark 
plugs are placed in open cartons that 
have been automatically formed. The plugs 
are generally wrapped in plastic film, placed 
first in a carton, and then prepared for ship¬ 
ping in quantity to users. 

Quality Control 

Inspections and measurements are performed 
throughout the manufacturing and assembly 
operations. Both incoming parts and tooling 
are inspected for accuracy. New gauges are 
set up for use in production while other 
gauges are changed and calibrated. 

Detailed inspections of shells from each 
machine are constantly made for visible 
flaws. The ceramic insulator contour can be 
checked by projecting its silhouette onto a 
screen at a magnification of 20 times actual 
size and matching the silhouette to tolerance 
lines. In addition, regular statistical inspec¬ 
tions can be made on insulators coming off 
the production line. 

During spark plug assembly, a random sam¬ 
pling are pressure tested to check that the 
center electrode is properly sealed inside the 


insulator. Visual inspections assure that 
assembly is in accordance with design speci¬ 
fications. 

Where To Learn More 

Books 

Heywood, John. Internal Combustion 
Engine Fundamentals. McGraw-Hill, 1988. 

Schwaller, Anthony. Motor Automotive 
Mechanics. Delmar Publishers, 1988. 

Periodicals 

Davis, Marian. “Fire in the Hole: Spark-plug 
Design Heats up with New High-tech Mate¬ 
rials and Design Concepts.” Hot Rod. Febru¬ 
ary, 1990. 

“Spark Plug ‘Sees’ Inside Engines.” Design 
News. October 17, 1989. 

“Hot Spark Basics.” Popular Mechanics. 
May, 1989. 

—Peter Toeg 
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Japanese researchers have 
recently developed a 
corrosion-resistant stainless 
steel that displays the 
shape-memory effect. This 
type of material returns to 
its original shape upon 
heating after being 
plastically deformed. 
Potential applications 
include assembly 
components, temperature 
sensing (circuit breakers 
and fire alarms), and 
springs. 


Background 

Stainless steel is an iron-containing alloy—a 
substance made up of two or more chemical 
elements—used in a wide range of applica¬ 
tions. It has excellent resistance to stain or 
rust due to its chromium content, usually 
from 12 to 20 percent of the alloy. There are 
more than 57 stainless steels recognized as 
standard alloys, in addition to many propri¬ 
etary alloys produced by different stainless 
steel producers. These many types of steels 
are used in an almost endless number of 
applications and industries: bulk materials 
handling equipment, building exteriors and 
roofing, automobile components (exhaust, 
trim/decorative, engine, chassis, fasteners, 
tubing for fuel lines), chemical processing 
plants (scrubbers and heat exchangers), pulp 
and paper manufacturing, petroleum refin¬ 
ing, water supply piping, consumer products, 
marine and shipbuilding, pollution control, 
sporting goods (snow skis), and transporta¬ 
tion (rail cars), to name just a few. 

About 200,000 tons of nickel-containing 
stainless steel is used each year by the food 
processing industry in North America. It is 
used in a variety of food handling, storing, 
cooking, and serving equipment—from the 
beginning of the food collection process 
through to the end. Beverages such as milk, 
wine, beer, soft drinks and fruit juice are 
processed in stainless steel equipment. Stain¬ 
less steel is also used in commercial cookers, 
pasteurizers, transfer bins, and other special¬ 
ized equipment. Advantages include easy 
cleaning, good corrosion resistance, durabil¬ 
ity, economy, food flavor protection, and 
sanitary design. According to the U.S. 
Department of Commerce, 1992 shipments 
of all stainless steel totaled 1,514,222 tons. 


Stainless steels come in several types de¬ 
pending on their microstructure. Austenitic 
stainless steels contain at least 6 percent 
nickel and austenite—carbon-containing iron 
with a face-centered cubic structure—and 
have good corrosion resistance and high duc¬ 
tility (the ability of the material to bend with¬ 
out breaking). Ferritic stainless steels (ferrite 
has a body-centered cubic structure) have 
better resistance to stress corrosion than 
austenitic, but they are difficult to weld. 
Martensitic stainless steels contain iron hav¬ 
ing a needle-like structure. 

Duplex stainless steels, which generally con¬ 
tain equal amounts of ferrite and austenite, 
provide better resistance to pitting and crevice 
corrosion in most environments. They also 
have superior resistance to cracking due to 
chloride stress corrosion, and they are about 
twice as strong as the common austenitics. 
Therefore, duplex stainless steels are widely 
used in the chemical industry in refineries, 
gas-processing plants, pulp and paper plants, 
and sea water piping installations. 

Raw Materials 

Stainless steels are made of some of the basic 
elements found in the earth: iron ore, 
chromium, silicon, nickel, carbon, nitrogen, 
and manganese. Properties of the final alloy 
are tailored by varying the amounts of these 
elements. Nitrogen, for instance, improves 
tensile properties like ductility. It also 
improves corrosion resistance, which makes 
it valuable for use in duplex stainless steels. 

The Manufacturing Process 

The manufacture of stainless steel involves a 
series of processes. First, the steel is melted. 
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Raw Materials llll^^ Melting 



To make stainless steel, the raw 
materials—iron ore, chromium, sili¬ 
con, nickel, etc.—are melted 
together in an electric furnace. This 
step usually involves 8 to 12 hours 
of intense heat. Next, the mixture is 
cast into one of several shapes, 
including blooms, billets, and slabs. 


and then it is cast into solid form. After vari¬ 
ous forming steps, the steel is heat treated 
and then cleaned and polished to give it the 
desired finish. Next, it is packaged and sent 
to manufacturers, who weld and join the steel 
to produce the desired shapes. 

Melting and casting 

I The raw materials are first melted 
together in an electric furnace. This step 
usually requires 8 to 12 hours of intense heat. 
When the melting is finished, the molten 
steel is cast into semi-finished forms. These 
include blooms (rectangular shapes), billets 
(round or square shapes 1.5 inches or 3.8 
centimeters in thickness), slabs, rods, and 
tube rounds. 

Forming 

2 Next, the semi-finished steel goes through 
forming operations, beginning with hot 
rolling, in which the steel is heated and 
passed through huge rolls. Blooms and billets 
are formed into bar and wire, while slabs are 
formed into plate, strip, and sheet. Bars are 
available in all grades and come in rounds, 
squares, octagons, or hexagons 0.25 inch (.63 
centimeter) in size. Wire is usually available 


up to 0.5 inch (1.27 centimeters) in diameter 
or size. Plate is more than 0.1875 inch (.47 
centimeter) thick and over 10 inches (25.4 
centimeters) wide. Strip is less than 0.185 
inch (.47 centimeter) thick and less than 24 
inches (61 centimeters) wide. Sheet is less 
than 0.1875 (.47 centimeter) thick and more 
than 24 (61 centimeters) wide. 


Heat treatment 

3 After the stainless steel is formed, most 
types must go through an annealing step. 
Annealing is a heat treatment in which the 
steel is heated and cooled under controlled 
conditions to relieve internal stresses and 
soften the metal. Some steels are heat treated 
for higher strength. However, such a heat 
treatment—also known as age hardening — 
requires careful control, for even small 
changes from the recommended temperature, 
time, or cooling rate can seriously affect the 
properties. Lower aging temperatures pro¬ 
duce high strength with low fracture tough¬ 
ness, while higher-temperature aging pro¬ 
duces a lower strength, tougher material. 

Though the heating rate to reach the aging 
temperature (900 to 1000 degrees Fahrenheit 
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or 482 to 537 degrees Celsius) does not 
effect the properties, the cooling rate does. A 
post-aging quenching (rapid cooling) treat¬ 
ment can increase the toughness without a 
significant loss in strength. One such 
process involves water quenching the mater¬ 
ial in a 35-degree Fahrenheit (1.6-degree 
Celsius) ice-water bath for a minimum of 
two hours. 

The type of heat treatment depends on the 
type of steel; in other words, whether it is 
austenitic, ferritic, or martensitic. Austenitic 
steels are heated to above 1900 degrees 
Fahrenheit (1037 degrees Celsius) for a time 
depending on the thickness. Water quenching 
is used for thick sections, whereas air cooling 
or air blasting is used for thin sections. If 
cooled too slowly, carbide precipitation can 
occur. This buildup can be eliminated by ther¬ 
mal stabilization. In this method, the steel is 
held for several hours at 1500 to 1600 degrees 
Fahrenheit (815 to 871 degrees Celsius). 
Cleaning part surfaces of contaminants before 
heat treatment is sometimes also necessary to 
achieve proper heat treatment. 

Descaling 

4 Annealing causes a scale or build-up to 
form on the steel. The scale can be 
removed using several processes. One of the 
most common methods, pickling, uses a 
nitric-hydrofluoric acid bath to descale the 
steel. In another method, electrocleaning, an 
electric current is applied to the surface using 
a cathode and phosphoric acid, and the scale 
is removed. The annealing and descaling 
steps occur at different stages depending on 
the type of steel being worked. Bar and wire, 
for instance, go through further forming steps 
(more hot rolling, forging, or extruding) after 
the initial hot rolling before being annealed 
and descaled. Sheet and strip, on the other 
hand, go through an initial annealing and 
descaling step immediately after hot rolling. 
After cold rolling (passing through rolls at a 
relatively low temperature), which produces a 
further reduction in thickness, sheet and strip 
are annealed and descaled again. A final cold 
rolling step then prepares the steel for final 
processing. 

Cutting 

Cutting operations are usually necessary 
to obtain the desired blank shape or size 


to trim the part to final size. Mechanical cut¬ 
ting is accomplished by a variety of methods, 
including straight shearing using guillotine 
knives, circle shearing using circular knives 
horizontally and vertically positioned, saw¬ 
ing using high speed steel blades, blanking, 
and nibbling. Blanking uses metal punches 
and dies to punch out the shape by shearing. 
Nibbling is a process of cutting by blanking 
out a series of overlapping holes and is ide¬ 
ally suited for irregular shapes. 

Stainless steel can also be cut using flame 
cutting, which involves a flame-fired torch 
using oxygen and propane in conjunction 
with iron powder. This method is clean and 
fast. Another cutting method is known as 
plasma jet cutting , in which an ionized gas 
column in conjunction with an electric arc 
through a small orifice makes the cut. The 
gas produces extremely high temperatures to 
melt the metal. 

Finishing 

6 Surface finish is an important specifica¬ 
tion for stainless steel products and is crit¬ 
ical in applications where appearance is also 
important. Certain surface finishes also make 
stainless steel easier to clean, which is obvi¬ 
ously important for sanitary applications. A 
smooth surface as obtained by polishing also 
provides better corrosion resistance. On the 
other hand, rough finishes are often required 
for lubrication applications, as well as to 
facilitate further manufacturing steps. 

Surface finishes are the result of processes 
used in fabricating the various forms or are 
the result of further processing. There are a 
variety of methods used for finishing. A dull 
finish is produced by hot rolling, annealing, 
and descaling. A bright finish is obtained by 
first hot rolling and then cold rolling on pol¬ 
ished rolls. A highly reflective finish is pro¬ 
duced by cold rolling in combination with 
annealing in a controlled atmosphere furnace, 
by grinding with abrasives, or by buffing a 
finely ground surface. A mirror finish is pro¬ 
duced by polishing with progressively finer 
abrasives, followed by extensive buffing. For 
grinding or polishing, grinding wheels or 
abrasive belts are normally used. Buffing 
uses cloth wheels in combination with cutting 
compounds containing very fine abrasive par¬ 
ticles in bar or stick forms. Other finishing 
methods include tumbling, which forces 
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movement of a tumbling material against sur¬ 
faces of parts, dry etching (sandblasting), wet 
etching using acid solutions, and surface 
dulling. The latter uses sandblasting, wire 
brushing, or pickling techniques. 

Manufacturing at the fabricator or 
end user 

7 After the stainless steel in its various 
forms are packed and shipped to the fabri¬ 
cator or end user, a variety of other processes 
are needed. Further shaping is accomplished 
using a variety of methods, such as roll form¬ 
ing, press forming, forging, press drawing, 
and extrusion. Additional heat treating 


(annealing), machining, and cleaning pro¬ 
cesses are also often required. 


There are a variety of methods for joining 
stainless steel, with welding being the most 
common. Fusion and resistance welding are 
the two basic methods generally used with 
many variations for both. In fusion welding, 
heat is provided by an electric arc struck 
between an electrode and the metal to be 
welded. In resistance welding, bonding is 
the result of heat and pressure. Heat is pro¬ 
duced by the resistance to the flow of electric 
current through the parts to be welded, and 
pressure is applied by the electrodes. After 


The initial steel shapes—blooms, bil¬ 
lets, slabs, etc.—are hot rolled into 
bar, wire, sheet, strip, and plate. 
Depending on the form, the steel 
then undergoes further rolling steps 
(both hot and cold rolling), heat 
treatment (annealing), descaling (to 
remove buildup), and polishing to 
produce the finished stainless steel. 
The steel is then sent the end user. 
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parts are welded together, they must be 
cleaned around the joined area. 

Quality Control 

In addition to in-process control during man¬ 
ufacture and fabrication, stainless steels must 
meet specifications developed by the Ameri¬ 
can Society for Testing and Materials 
(ASTM) with regard to mechanical properties 
such as toughness and corrosion resistance. 
Metallography can sometimes be correlated 
to corrosion tests to help monitor quality. 

The Future 

Use of stainless and super stainless steels is 
expanding in a variety of markets. To meet 
the requirements of the new Clean Air Act, 
coal-fired power plants are installing stain¬ 
less steel stack liners. Other new industrial 
applications include secondary heat 
exchangers for high-efficiency home fur¬ 
naces, service-water piping in nuclear power 
plants, ballast tanks and fire-suppression sys¬ 
tems for offshore drilling platforms, flexible 
pipe for oil and gas distribution systems, and 
heliostats for solar-energy plants. 

Environmental legislation is also forcing the 
petrochemical and refinery industries to 
recycle secondary cooling water in closed 
systems rather than simply discharge it. 
Reuse results in cooling water with elevated 
levels of chloride, resulting in pitting-corro- 
sion problems. Duplex stainless steel tubing 
will play an increasingly important role in 
solving such industrial corrosion problems, 
since it costs less than other materials. Man¬ 
ufacturers are developing highly corrosion- 
resistant steels in respond to this demand. 

In the automotive industry, one steel manu¬ 
facturer has estimated that stainless-steel 
usage per vehicle will increase from 55 to 66 
pounds (25 to 30 kilograms) to more than 
100 pounds (45 kilograms) by the turn of the 
century. New applications include metallic 
substrates for catalytic converters, air bag 
components, composite bumpers, fuel line 
and other fuel-system parts compatible with 
alternate fuels, brake lines, and long-life 
exhaust systems. 

With improvements in process technology, 
superaustenitic stainless steels (with nitrogen 


contents up to 0.5 percent) are being devel¬ 
oped. These steels are used in pulp-mill 
bleach plants, sea water and phosphoric-acid 
handling systems, scrubbers, offshore plat¬ 
forms, and other highly corrosive applica¬ 
tions. A number of manufacturers have 
begun marketing such materials in sheet, 
plate, and other forms. Other new composi¬ 
tions are being developed: ferritic iron-base 
alloys containing 8 and 12 percent Cr for 
magnetic applications, and austenitic stain¬ 
less with extra low sulfur content for parts 
used in the manufacture of semiconductors 
and pharmaceuticals. 

Research will continue to develop improved 
and unique materials. For instance, Japanese 
researchers have recently developed several. 
One is a corrosion-resistant stainless steel 
that displays the shape-memory effect. This 
type of material returns to its original shape 
upon heating after being plastically 
deformed. Potential applications include 
assembly components (pipe fittings, clips, 
fasteners, clamps), temperature sensing (cir¬ 
cuit breakers and fire alarms), and springs. 
An improved martensitic stainless steel has 
also been developed for precision miniature 
and instrument rolling-contact bearings, 
which has reduced vibration levels, 
improved life expectancy, and better surface 
finish compared to conventional materials. 

Where To Learn More 

Books 

Cleaning and Descaling Stainless Steels. 
American Iron and Steel Institute, 1982. 

Finishes for Stainless Steel. American Iron 
and Steel Institute, June, 1983. 

Llewellyn, D. T. Steels: Metallurgy & Appli¬ 
cations. Butterworth-Heinemann, 1992. 

MacMillan, Angus, ed. The Steel-Alloying 
Handbook. Elkay Publishing Services, 1993. 

Stainless Steel & Heat Resisting Steels. Iron 
& Steel Society, Inc., 1990. 

Periodicals 

Davison, Ralph M. and James D. Redmond. 
“Practical Guide to Using Duplex Stainless 
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Steels.” Materials Performance. January, Tuthill, Arthur and Richard Avery. “Specify- 
1990, pp. 57-62. ing Stainless Steel Surface Treatments.” 

Advanced Materials & Processes. Decem- 
Hasimoto, Misao. “Combined Deposition her, 1992, pp. 34-38. 

Processes Create New Composites.” 

Research & Development. October, 1989. —L. S. Millberg 
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The basic household 
stapler uses a staple with 
a wire size of .017 of an 
inch in diameter, while 
multi-use staplers operate 
with wire sizes averaging 
.050 of an inch in 
diameter. Staplers used in 
the construction industry 
utilize what resemble nails 
that come in preloaded 
magazines—similar to 
firearm ammunition and 
probably almost as deadly 
at short range. 


Background 

There are virtually as many types of staplers 
as there are uses for them. Staplers are pro¬ 
duced for use in: the manufacture of furni¬ 
ture; medical fields; carpet tacking; electrical 
wire and insulation installation; picture 
frame manufacture and, of course, in the 
home or office. 

The size of staplers ranges as well—from a 
mini stapler (as small a finger) to one requir¬ 
ing two hands to use. And while there is no 
specific standard size of staple, the basic 
household (office) type—with a wire size of 
.017 of an inch in diameter—is generally 
accepted as typical. The average multi-use 
stapler operates with wire sizes averaging 
.050 of an inch in diameter. Staplers used in 
the construction industry utilize what resem¬ 
ble nails that come in preloaded magazines 
(packets)—similar to firearm ammunition 
and probably almost as deadly at short range. 

Even with the potential of dozens of uses, 
staplers are most frequently used in binding 
multi-page documents and other such related 
office tasks. They are extremely inexpensive: 
a “typical” home or office stapler costs less 
than $10.00, and a packet of 5,000 staples, 
less than $2.00. 

Raw Materials 

A stapler comprises many components, most 
of which are metal stampings and spring type 
parts. Main components of a typical home or 
office stapler include the base; the anvil (the 
metal plate over which you put the document 
that you want to staple); the magazine (which 
holds the staples); the metal head (which 
covers the magazine); and the hanger (which 


is welded to the base and holds the pin that 
connects the magazine and base). Rivets are 
used to keep the parts together, and a pin is 
the hinge point for the top and bottom half. 
There are also rubber and plastic materials 
used both in enhancing the product and in 
making the stapler cosmetically appealing. 
The springs in a stapler typically perform 
two separate jobs: they keep the row of sta¬ 
ples lined up in the track and ready to be 
used, and they return the plunger blade to its 
original up position. (The plunger blade acts 
as a guillotine, in that it separates one single 
staple from the row of staples each time it is 
forced down.) 

The most recent staplers are being made 
almost entirely of plastic. Currently, how¬ 
ever, the most popularly used staplers are 
still those made of metal. Thus, the following 
focuses solely on the metal stapler and how it 
is manufactured. 

The Manufacturing 
Process 

While staplers are produced for a number of 
different uses and in just as many sizes, the 
basic principles behind the workings of each 
remain the same, and the chief components 
(springs, stampings, rivets, moldings, and 
pins), once completed, are assembled to cre¬ 
ate similar finished products. 

Forming the springs 

I Two types of springs are used in the basic 
stapler: the coil and the leaf. A coil spring 
is made from metal that has the ability to 
withstand a constant pressure and release and 
still maintain its shape. The coil spring 
material is wound around an appropriately 
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sized rod (similar to winding a thin wire 
around a pencil) and is then heat-treated to a 
produce changes in the metal’s characteris¬ 
tics—changes that give the metal “elastic¬ 
ity.” The heat-treated coil spring can be 
pulled apart and pressed together, within rea¬ 
son, and still return to its original wound up 
condition. A good example of a coil spring is 
the follow spring, which connects the case to 
the follow block —the metal piece in the mag¬ 
azine that holds the staples toward one end of 
the magazine. 

2 Leaf springs, which resemble a diving 
board, are typically made by either bend¬ 
ing or rolling (slightly curling) a thin piece of 
steel and then carefully heating it to a tem¬ 
perature that will cause internal stresses. 
Thinly slicing a carrot lengthwise into strips 
and then placing them in ice water causes the 


strips to curl up; this is the same effect ob¬ 
served when springs are properly heat- 
treated. The steel maintains either a curled or 
flat position and resists any bending motion 
applied to it. One example of a leaf spring is 
the clearing spring, the part on the underside 
of the stapler that allow you to unlatch the 
base from the upper assembly (the magazine 
and metal head). 

Stamping of parts 

3 Stampings are typically made of flat sheet 
metal material of varying thicknesses that 
are sandwiched between a punch and die. 
When the punch pushes on the material, it 
“shears” a piece of material (the shape of the 
punch) out of the sheet. A similar principle is 
applied when using a cookie cutter on rolled- 
out dough. Stamping material can also be in 


The parts of a stapler are formed in 
various ways before coming 
together to form the finished item. 
Coil springs such as the follow 
spring are wound around rods and 
heat-treated, while leaf springs such 
as the clearing spring are rolled or 
bent to their proper shape. Sheet 
metal parts such as the head and 
base are typically stamped between 
a punch and die, while plastic parts 
can be injection molded. 
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The pins, stampings, and springs 
are subassembled in stages and 
then assembled together with the 
upper and lower halves of the sta¬ 
pler frame. The last items to be 
assembled are the feet (anti-skid 
rubber pads) and the snap-on plas¬ 
tic cap. 



the form of a coil of material that looks some¬ 
thing like a roll of paper towel. (The material 
type and thickness depends on the configura¬ 
tion of the part being made). The coil allows 
automatic feeding of the material across a 
punch and die using a coil feeder. The coil is 
gradually unwound as parts are stamped out 
of it. This is a very cost-efficient way of mass 
producing stampings because it does not 
require an operator to hold the material 
between the punch and die. Most of the major 
metal components besides springs and rivets, 
such as the base, metal head, and anvil, are 
made in this way. 

Brake forming 

4 After a part is stamped, it is usually then 
formed into a shape. If the shape is an 
intricate one, another type of punch and die is 
used. The material may also be heated in 
order to soften it, allowing the material to 
bend more easily. Most stapler parts have 
somewhat square corners, so typically the 
material is bent at 90 degree angles. There 
are now machines that perform stamping and 


brake forming processes during the same 
operation; they simultaneously punch out 
shapes and bend them to make the appropri¬ 
ate parts. This eliminates the amount of 
setups and different machines required to 
make all of the parts. 

Rivets 

A rivet is usually made of a fairly strong 
steel material, but it must also have some 
elasticity. A rivet is designed to hold parts in 
place just like a screw and nut, except that 
the rivet is one piece and cannot be easily 
disassembled. One end typically has a head 
on it (like a nail or a screw), and the other 
end is usually hollow (either partially or 
along the whole length). Rivets are made by 
cutting off a piece of bar stock and forging it 
to obtain the desired configuration. Forging 
is a process similar to stamping, except that 
the starting material is almost to size already. 
Forging will minimally change the size and 
shape; the strength of the material, however, 
is significantly increased. 

Creating plastic moldings 

6 Plastic parts of staplers are made by 
injection molding, in which a liquified 
plastic is injected into a die. The liquid flows 
into the open void and is then cooled. As the 
die cools, the plastic solidifies and takes on 
the shape of the die. The die is opened and 
the part is removed. 

Making the pin 

7 The pin is little more than a piece of bar 
stock, cut off to a certain length either 
with a saw or on a machining center. Because 
the pin is used as a hinge point for the top and 
bottom half of the stapler, it is usually made 
from a strong, heat-treatable metal. 

Painting 

8 As required to prevent rust, or for cos¬ 
metic reasons, some of the components 
are painted. The parts are hung on small 
racks, set on a conveyor and passed by a 
spray nozzle. Some automatic painting oper¬ 
ations employ electrostatic spraying, wherein 
the parts and paint are electrically charged. 
The paint and the parts are given opposite 
charges—for instance, the paint will be given 
a negative charge while the part will be given 
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a positive charge—because opposite electri¬ 
cal charges attract each other. Electrostatic 
painting ensures that every possible space on 
the part will be evenly painted. This method 
also eliminates wasted paint (overspray). 

Assembly 

9 The pins, stampings, and springs are sub¬ 
assembled in stages and then assembled 
together with the upper and lower halves of 
the stapler frame. For the bottom subassem¬ 
bly, consisting of the base, hanger, anvil, and 
clearing spring, the parts are placed in an 
assembly jig that holds them in position to 
allow the rivets to be placed in the correct 
holes. Once the rivets are locked in place, a 
tool called an orbital riveter spins the hollow 
end of the rivet until it collapses outward and 
captures the parts together. The top half, 
consisting of the magazine subassembly, the 
case, the follow spring, the driver-ram 
spring, and the metal head, is assembled the 
same way in it’s own assembly jig. 

The top and bottom halves come 
together in another jig, and the pin that 
connects the two is riveted into place. 
Finally, the finishing touches such as the feet 
(anti-skid rubber pads) and the plastic cap are 
then snapped on. 

Quality Control 

Samples of all the components are tested 
individually as they are manufactured. A 
certain percentage of parts are thoroughly 
checked as they come off of the automatic 
machines. Critical dimensions are scruti¬ 
nized and adjustments are made to the 
machines or the tools are repaired/replaced 
as they wear out. 

Once the parts are assembled, they are sam¬ 
ple inspected for functionality and again a 
small number of units are continuously 


cycled until they wear out. The component 
that wears out is checked for conformity to 
determine whether it was normal wear or a 
design flaw. 

An important item determining longevity 
and product warranty is the use of factory 
recommended staples. The use of incorrect 
staples is said to be attributed to cause the 
majority of stapler malfunctions. It should 
be noted that some stapler companies will 
service their staplers (for free or a nominal 
fee) only if their staples, exclusively, are 
used in the unit. 

The Future 

Staplers, like most other mechanisms, are 
continually adjusted and improved upon. As 
new materials and processes are developed, 
many uses become incorporated into all 
kinds of products, the stapler is no exception. 
Likewise the use for staplers will continue to 
increase as one of the latest uses is in the 
medical field as a substitute for stitches. 

Where To Learn More 

Books 

Ewers, William. The Staple Gun in Home 
and Industry. Sincere Press, 1971. 

Periodicals 

Capotosto, Rosario. “Pop Goes the Stapler.” 
Popular Mechanics. August, 1987, p. 19. 

“Now, a Stapler Can Become a Riveting 
Tool.” Consumer Reports. February, 1987, p. 
73. 

McCafferty, Phil. “Plastic Nails.” Popular 
Science. April, 1987, p. 66. 

—William L. Ansel 




The universally 
acknowledged inventor of 
the stethoscope is Rene- 
Theophile-Hyacinthe 
Laennec, who, finding it 
difficult to listen to a 
patient's heartbeat 
unaided, rolled up a 
cylinder of paper, thereby 
amplifying the sound. 
Laennec had noticed, as 
others such as Leonardo 
da Vinci had before him, 
that sound becomes 
amplified to the human 
ear as it passes through 
wood. 


Stethoscope 


Background 

A stethoscope is a medical instrument used to 
listen to sounds produced in the body, espe¬ 
cially those that emanate from the heart and 
lungs. Most modem stethoscopes are binau¬ 
ral; that is, the instrument is intended for use 
with both ears. Stethoscopes comprise two 
flexible rubber tubes running from a valve to 
the earpieces. The valve also connects the 
tubes to the chestpiece, which can be either a 
bell-shaped piece to pick up low sounds or a 
flat disk for higher frequencies. The stetho¬ 
scope is used mainly for the detection of heart 
murmurs, irregular heart rhythms, or abnor¬ 
mal heart sounds. It is also used to listen to 
the sound of air moving through the lungs in 
order to detect abnormalities in the air tubes 
and sacs found in the lung walls. 

The universally acknowledged inventor of 
the stethoscope is Rene-Theophile-Hyacinthe 
Laennec, who, finding it difficult to listen to a 
patient’s heartbeat unaided, rolled up a cylin¬ 
der of paper, thereby amplifying the sound. 
Laennec had noticed, as others such as 
Leonardo da Vinci had before him, that sound 
becomes amplified to the human ear as it 
passes through wood. He observed children 
holding a piece of wood to their ears and 
scratching the other end. The wood increased 
the sound of the scratching. In 1819, Laennec 
provided physicians with what he originally 
called a baton, a hollow cylinder made from 
wood (walnut or such light woods as fir or 
boxwood) perhaps as short as 5.9 inches (15 
centimeters) in length. The bore was shaped 
like a trumpet, but for listening to the heart, a 
stopper could be inserted to make the bore 
merely cylindrical. 

The first true stethoscopes (based on Laen¬ 
nec’s “baton”) were made of wood (usually 


cedar or pine) tubes that ranged in shape from 
cylinder- to goblet- or hourglass-shaped. The 
lengths ranged from 5.90 to 8.86 inches (15 to 
22.5 centimeters). Unlike those of today, these 
stethoscopes were monaural; that is, they were 
held to one ear and had no ear plugs. This type 
of stethoscope is still used in some places in 
Europe. Stethoscopes of varying materials 
(such as hard rubber or aluminum) were com¬ 
mon during the mid-nineteenth century. A few 
telescoped to provide a stethoscope of varying 
length. The first innovation was not at first 
applied to the stethoscope, but to conversation 
tubes and hearing aids produced by many 
manufacturers in the late 1800s. These items 
were at first horn-shaped, yet eventually 
included earplugs connected to rubber tubes. 
Designers of stethoscopes adapted such 
devices, and the stethoscope of the time con¬ 
sisted of an earplug, a flexible rubber tube, and 
a bell-shaped chestpiece. Despite its short¬ 
comings in the conductance of all chest sounds 
equally, this early stethoscope was com¬ 
mended for its convenient shape and flexibil¬ 
ity. 

Binaural stethoscopes increased in popular¬ 
ity fairly rapidly. As early as 1829 a trum¬ 
pet-shaped mahogany chestpiece was 
screwed into a joint from which two lead 
pipes led to the ears. The device, invented by 
medical student Nicholas P. Comins, was 
deemed flexible (despite the rigidity of the 
wooden and metallic parts), because unlike 
the earlier monaural stethoscopes, it had 
movable parts. 

The 1840s and 1850s saw the development 
of prototypes that closely resembled the 
stethoscope of today. In 1841 Marc-Hector 
Landouzy of Paris introduced a stethoscope 
made partly of gum elastic tubes; this proto- 
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The aluminum chestpiece is die cast 
into an approximation of its round 
shape before being machined to its 
exact form. The flexible tubing, 
which can be made of polyvinyl 
chloride or latex rubber, is extruded 
into shape. 


type was improved slightly in 1851 by 
Arthur Leared of Dublin. The main problem 
with many early designs was the inferior ear¬ 
pieces that provided muffled sound. George 
Cammann of New York perfected the nine¬ 
teenth century stethoscope in 1852. His 
instrument, considered to be the best of the 
time, had ivory or ebony knobs as earpieces, 
and these had springs attached to hold them 
more securely in the ear. The tubes were 
made of coils of wires sandwiched between 
rubber that was then coated with silk or cot¬ 
ton. The chestpiece was surrounded by a 
ring of rubber, creating a suction cup that 
more easily adhered to the skin. 

Another type of stethoscope was developed 
in 1859. Designed by Scott Alison, the dif¬ 
ferential stethoscope had two separate chest- 
pieces, allowing the user to hear and com¬ 
pare sounds in two different places. This 
stethoscope also allowed the physician to 
better pinpoint the source of the sound 
through the natural process of triangulation 


our ears normally use to discover the direc¬ 
tion of sounds. 

The first electronic stethoscopes became 
available as early as the 1890s; by 1902, 
Albert Abrams developed a truly useable 
one. With it, he was able to amplify the 
sounds made by the heart. By applying resis¬ 
tance gradually to the circuit, he could elimi¬ 
nate certain sounds, thereby differentiating 
between the heart’s muscular and valvular 
movements. 

The basic form of the binaural stethoscope 
has remained virtually unchanged since the 
beginning of the twentieth century. Major 
advancements have been made in the type of 
materials used—plastics such as polyvinyl 
chloride and Bakelite became available; the 
manufacturing processes that increase the 
airtightness and flexibility of the stethoscope 
have been refined; and large scale production 
has been streamlined, ensuring that medical 
practitioners can obtain sufficient stetho- 
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Although the stethoscope is o simple 
device, it is typical for its metal parts 
and plastic parts to be manufac¬ 
tured at separate locations, and for 
the entire device to be assembled at 
yet another location. It is also com¬ 
mon for inexpensive models to be 
sold disassembled. 



Binaurel 

piece 


Earpiece 


Flexible tubing 


Chestpiece 


scopes from a wide range of choices, and that 
consumers can purchase stethoscopes for 
home use. 

Raw Materials 

A binaural stethoscope consists of earplugs, 
binaural pieces, flexible tubing, a stem, and a 
chestpiece. The earplugs are attached to 
springs made of steel so that they fit firmly in 
the ears, while the earplugs themselves are 
made from either Delrin (a trademark plastic 
that is white, rigid, and similar to nylon) or 
softer molded silicone rubber. The binaural 
pieces that run from the earplugs to the flexi¬ 
ble tubing, the stem that runs from the flexi¬ 
ble tubing to the chestpiece, and the chest¬ 
piece itself are made from metal (aluminum, 
chrome-plated brass, or stainless steel). The 
flexible tubing is either polyvinyl chloride or 
latex rubber. The stem for stethoscopes with 
dual diaphragms has a valve with a steel ball 
bearing and a steel spring inside. This type 
of stethoscope can switch from a flat 
diaphragm to a cupped one when turned by 
shifting the ball bearing to cover up the path¬ 
way to the diaphragm that is not in use. The 
flat diaphragm is formed from a flat, thin, 
rigid plastic disk that can be Bakelite, an 
epoxy-fiberglass compound, or other suitable 
plastic. Today, most stethoscopes have an 
anti-chill ring attached to both sides of the 
diaphragm. The anti-chill ring, besides being 
more comfortable for the patient, allows bet¬ 
ter suction and thus allows sounds to be 
heard more clearly. The rings are made from 
either silicone rubber or polyvinyl chloride. 


The Manufacturing 
Process 

Although the stethoscope is a simple device, 
it is typical for its metal parts and plastic 
parts to be manufactured at separate loca¬ 
tions, and for the entire device to be assem¬ 
bled at yet another location. It is also com¬ 
mon for inexpensive models to be sold 
disassembled. Stethoscopes are rarely cus¬ 
tom-made. If there is a large volume sold to 
one customer, the manufacturer can make a 
certain specified color or put the name of the 
hospital onto the stethoscopes. 

Making the metal chestpiece 

"l Aluminum is typically die cast. In this 
-'I process, pressured molten aluminum is 
injected into molds, forming a slug in the 
form of a crude binaural piece or chestpiece. 
The slug is then machined to form its proper 
shape. Stainless steel arrives in huge rods 
that are machined on lathes using a semi¬ 
automatic process. Brass is also machined 
before being sent out for electroplating. 

The machining process consists of cutting 
excess metal from the slug or rod according 
to a plan that will yield a correctly shaped 
binaural piece or chestpiece. The binaural 
piece is then threaded at the top for the 
earplugs, and barbs are cut into the bottom to 
allow for the tubing connection. The chest¬ 
piece is also barbed at the top to allow for the 
connection. The metal springs are then con¬ 
nected and sealed to the binaural pieces. 
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Forming the tubes 

2 More expensive stethoscopes have tubing 
that is “dipped.” The binaural pieces are 
repeatedly dipped into a liquid latex until the 
tubes are of the correct thickness. Tubes 
intended for inexpensive or disassembled 
models are molded or extruded using standard 
methods. To attach the separate tubing, it is 
first heated by placing it in warm water; next, 
it is pushed onto the binaural pieces, wrapping 
snugly around the barbs. Another less-com¬ 
mon method of attaching the tubing is to place 
the binaural pieces in a mold and then place 
the tubing around them to form a seal. 

Assembly 

3 Stethoscopes are hand assembled. Once 
the binaural pieces have tubes, the 
diaphragm is placed in the chestpiece and 
sealed. Next, the anti-chill ring is put on 
both sides of the chestpiece. This can be done 
by cutting a recess in a circular track around 
the rim and slipping the ring inside. The pre¬ 
ferred method is to stretch the ring around 
the rim of the diaphragm or bell, making a 
secure fit. The earplugs are then screwed on. 

Packaging 

Inexpensive stethoscopes, which may be 
disassembled, are placed in bags and 
sealed. Mid-range stethoscopes are boxed. 
Quality stethoscopes are placed in sturdy 
boxes that have spaces die-cut in the packag¬ 
ing into which the stethoscope and acces¬ 
sories fit snugly. The stethoscopes are then 
placed in cases that hold 20 to 50 boxes each 
and shipped to medical supply dealers, or, if 
there is a large volume, directly to a hospital. 
The medical supply dealers then provide 
stethoscopes to private practice, hospitals, 
medical supply stores, and drug stores. 

Qualify Control 

A stethoscope must be able to pick up incred¬ 
ibly subtle, quiet sounds at such a level that a 
person of normal hearing can detect them 
using the instrument. Air leaks can decrease 
the volume of sound by as much as 10 to 15 
decibels, as well as allow ambient noise to 
enter the stethoscope; therefore airtightness 
is imperative. Even inexpensive, disassem¬ 
bled stethoscopes available in drug stores 
easily disclose recognizable sounds (such as 
a heartbeat), while the highest quality instru¬ 


ment must meet tolerances of approximately 
2.5 x 10‘ 6 meters to ensure that all the pieces 
fit snugly and the junctions are airtight. 

Air leaks are almost inevitable, and are 
caused by cracking, punctures, weakness of 
metal, or pinhole formation during the manu¬ 
facturing process. To detect any problems 
before shipping, the manufacturer places the 
stethoscopes in a machine that blows a 
steady stream of air through each instrument. 
There are also tug tests for stethoscopes. The 
instrument is placed on a machine that pulls 
at a certain level of force to check whether 
normal use will separate the pieces. 

All raw materials are also inspected, and each 
piece manufactured at a place other than the 
assembly plant is inspected for quality. Spe¬ 
cific tolerances and procedures are checked at 
each step of the manufacturing and assembly 
process to see that the work is done correctly. 
The inspection consists of visually examining 
the stethoscope and testing the mechanical 
parts for proper fit and function. Every single 
assembled stethoscope is then checked to see 
if it is acoustically reliable. 

Nurses, doctors, and other health care profes¬ 
sionals undergo extensive training in auscul¬ 
tation so that they can interpret the sounds 
they hear, though most might specialize in 
only one or a few types of readings. For 
instance, somebody listening to a patient 
breathe must know the sounds of a healthy 
lung system, as well as the sounds of each 
type of lung dysfunction so the patient can be 
diagnosed correctly. 

Maintenance and proper use of the stetho¬ 
scope is just as important as the quality of 
manufacture. The stethoscope should be 
inspected periodically for air leaks and for 
defective parts that need replacing. To 
remove earwax and lint, the earplugs and 
chestpiece should be carefully wiped with 
rubbing alcohol, and the rest should be 
washed in mild, soapy water. If hospital pro¬ 
cedure requires it, and the stethoscope can 
handle it, it should undergo standard steril¬ 
ization procedures. 

Where To Learn More 

Books 

Davis, Audrey B. Medicine and Its Technol¬ 
ogy. Greenwood Press, 1981. 
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Reiser, Stanley Joel. Medicine and the Reign 
of Technology. Cambridge University Press, 
1978. 

Periodicals 

Bak, David J. “Stethoscope Allows Elec¬ 
tronic Amplification,” Design News. Decem¬ 
ber 15, 1986, p. 50. 

Beaumont, Estelle. “For the Latest Word on 
Stethoscopes: Listen Here!” Nursing78. 
November, 1978, pp. 33-37. 


Jaffe, Joe. “Build This Doppler-Ultrasound 
Heart Monitor,” Radio-Electronics. Novem¬ 
ber, 1991, p. 49. 

Reiser, Stanley Joel. “The Medical Influence 
of the Stethoscope,” Scientific American. 
February, 1979, pp. 148-156. 

Stone, John. “Cadence of the Heart,” The 
New York Times Magazine. April 24, 1988, 

pp. 61-62. 

—Rose Secrest 
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Background 

Before the birth of Jesus of Nazareth, sugar¬ 
cane (from which sugar is made) was har¬ 
vested on the shores of the Bay of Bengal; it 
spread to the surrounding territories of 
Malaysia, Indonesia, Indochina, and southern 
China. The Arabic people introduced “sugar” 
(at that point a sticky paste, semi-crystallized 
and believed to have medicinal value) to the 
Western world by bringing both the reed and 
knowledge for its cultivation to Sicily and 
then Spain in the eighth and ninth centuries. 
Later, Venice—importing finished sugar 
from Alexandria—succeeded in establishing 
a monopoly over this new spice by the fif¬ 
teenth century; at that point, it started buying 
raw sugar, and even sugarcane, and treating it 
in its own refineries. Venice’s monopoly, 
however, was short-lived. In 1498, Por¬ 
tuguese navigator Vasco da Gama returned 
from India bringing the sweet flavoring to 
Portugal. Lisbon started to import and refine 
raw sugar, and, in the sixteenth century, it 
became the European sugar capital. It was not 
long before the sweetener was available in 
France, where its primary function continued 
to be medicinal, and during the reign of Louis 
XIV, sugar could be bought by the ounce at 
the apothecary. By the 1800s, sugar (though 
still expensive) was widely available to both 
upper and middle classes. 

Raw Materials 

Sugar is a broad term applied to a large num¬ 
ber of carbohydrates present in many plants 
and characterized by a more or less sweet 
taste. The primary sugar, glucose, is a prod¬ 
uct of photosynthesis and occurs in all green 
plants. In most plants, the sugars occur as a 
mixture that cannot readily be separated into 


the components. In the sap of some plants, 
the sugar mixtures are condensed into syrup. 
Juices of sugarcane (Saccharum officinarum) 
and sugar beet (Beta vulgaris) are rich in 
pure sucrose, although beet sugar is gener¬ 
ally much less sweet than cane sugar. These 
two sugar crops are the main sources of com¬ 
mercial sucrose. 

The sugarcane is a thick, tall, perennial grass 
that flourishes in tropical or subtropical 
regions. Sugar synthesized in the leaves is 
used as a source of energy for growth or is 
sent to the stalks for storage. It is the sweet 
sap in the stalks that is the source of sugar as 
we know it. The reed accumulates sugar to 
about 15 percent of its weight. Sugarcane 
yields about 2,600,000 tons of sugar per year. 

The sugar beet is a beetroot variety with the 
highest sugar content, for which it is specifi¬ 
cally cultivated. While typically white both 
inside and out, some beet varieties have 
black or yellow skins. About 3,700,000 tons 
of sugar are manufactured from sugar beet. 

Other sugar crops include sweet sorghum, 
sugar maple, honey, and corn sugar. The 
types of sugar used today are white sugar 
(fully refined sugar), composed of clear, col¬ 
orless or crystal fragments; or brown sugar, 
which is less fully refined and contains a 
greater amount of treacle residue, from 
which it obtains its color. 

The Manufacturing 
Process 

Planting and harvesting 

1 Sugarcane requires an average temperature 
of 75 degrees Fahrenheit (23.9 degrees 


Sugarcane is a perennial 
grass that flourishes in 
tropical or subtropical 
regions. Sugar synthesized 
in the leaves is used as 
energy for growth or sent 
to the stalks for storage — 
the stored sap in the stalks 
is the source of sugar as 
we know it. Sugar beet is 
a beetroot typically white 
both inside and out, 
although some beet 
varieties have black or 
yellow skins. 


43 9 



How Products Are Made, Volume 1 


Sugarbeet 





Wash water 



In the United States, harvesting of 
both cane and sugar beet is done 
primarily by machine, although in 
some states it is also done by hand. 
The harvested cane stalks and beets 
are loaded mechanically into trucks 
or railroad cars and taken to mills 
for processing into raw sugar. 
Once there, they are cleaned, 
washed, milled to extract juice, fil¬ 
tered, and purified. The result is a 
clear, sugar-filled juice. 


Celsius) and uniform rainfall of about 80 
inches (203 centimeters) per year. Therefore, 
it is grown in tropical or subtropical areas. 

Sugarcane takes about seven months to 
mature in a tropical area and about 12-22 
months in a subtropical area. At this time, 
fields of sugarcane are tested for sucrose, and 
the most mature fields are harvested first. In 
Florida, Hawaii, and Texas, standing cane is 
fired to bum off the dry leaves. In Louisiana, 
the six- to ten-feet (1.8- to 3-meter) tall cane 
stalks are cut down and laid on the ground 
before burning. 

2 In the United States, harvesting (of both 
cane and sugar beet) is done primarily by 
machine, although in some states it is also 
done by hand. The harvested cane stalks are 
loaded mechanically into trucks or railroad 


cars and taken to mills for processing into 
raw sugar. 

Preparation and processing 

3 After the cane arrives at the mill yards, it 
is mechanically unloaded, and excessive 
soil and rocks are removed. The cane is 
cleaned by flooding the carrier with warm 
water (in the case of sparse rock and trash 
clutter) or by spreading the cane on agitating 
conveyors that pass through strong jets of 
water and combing drums (to remove larger 
amounts of rocks, trash, and leaves, etc.). At 
this point, the cane is clean and ready to be 
milled. 

When the beets are delivered at the refinery, 
they are first washed and then cut into strips. 
Next, they are put into diffusion cells with 
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water at about 175 degrees Fahrenheit (79.4 
degrees Celsius) and sprayed with hot water 
countercurrently to remove the sucrose. 

Juice extraction pressing 

4 Two or three heavily grooved crusher 
rollers break the cane and extract a large 
part of the juice, or swing-hammer type 
shredders (1,200 RPM) shred the cane with¬ 
out extracting the juice. Revolving knives 
cutting the stalks into chips are supplemen¬ 
tary to the crushers. (In most countries, the 
shredder precedes the crusher.) A combina¬ 
tion of two, or even all three, methods may be 
used. The pressing process involves crushing 
the stalks between the heavy and grooved 
metal rollers to separate the fiber (bagasse) 
from the juice that contains the sugar. 


As the cane is crushed, hot water (or a 
combination of hot water and recovered 
impure juice) is sprayed onto the crushed 
cane countercurrently as it leaves each mill 
for diluting. The extracted juice, called 
vesou, contains 95 percent or more of the 
sucrose present. The mass is then diffused, a 
process that involves finely cutting or shred¬ 
ding the stalks. Next, the sugar is separated 
from the cut stalks by dissolving it in hot 
water or hot juice. 

Purification of juice—clarification 
and evaporation 

The juice from the mills, a dark green 
color, is acid and turbid. The clarifica¬ 
tion (or defecation) process is designed to 
remove both soluble and insoluble impurities 
(such as sand, soil, and ground rock) that 




After being purifed, the clear juice 
undergoes vacuum evaporation to 
remove most of the water. In this 
process, four vacuum-boiling cells 
are arranged in series so that each 
succeeding cell has a higher vac¬ 
uum. The vapors from one body can 
thus boil the juice in the next one, a 
method called multiple-effect evap¬ 
oration. Next, the syrupy solution is 
vacuum-crystallized to form sugar 
crystals. The remaining liquid is 
removed using centrifugaling and 
drying, and the sugar is packaged. 
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have not been removed by preliminary 
screening. The process employs lime and 
heat as the clarifying agents. Milk of lime 
(about one pound per ton of cane) neutralizes 
the natural acidity of the juice, forming insol¬ 
uble lime salts. Heating the lime juice to 
boiling coagulates the albumin and some of 
the fats, waxes, and gums, and the precipitate 
formed entraps suspended solids as well as 
the minute particles. 

The sugar beet solution, on the other hand, is 
purified by precipitating calcium carbonate, 
calcium sulfite, or both in it repeatedly. 
Impurities become entangled in the growing 
crystals of precipitate and are removed by 
continuous filtration. 

7 The muds separate from the clear juice 
through sedimentation. The non-sugar 
impurities are removed by continuous filtra¬ 
tion. The final clarified juice contains about 
85 percent water and has the same composi¬ 
tion as the raw extracted juice except for the 
removed impurities. 

8 To concentrate this clarified juice, about 
two-thirds of the water is removed 
through vacuum evaporation. Generally, four 
vacuum-boiling cells or bodies are arranged 
in series so that each succeeding body has a 
higher vacuum (and therefore boils at a lower 
temperature). The vapors from one body can 
thus boil the juice in the next one—the steam 
introduced into the first cell does what is 
called multiple-effect evaporation. The vapor 
from the last cell goes to a condenser. The 
syrup leaves the last body continuously with 
about 65 percent solids and 35 percent water. 

The sugar beet sucrose solution, at this point, 
is also nearly colorless, and it likewise 
undergoes multiple-effect vacuum evapora¬ 
tion. The syrup is seeded, cooled, and put in a 
centrifuge machine. The finished beet crys¬ 
tals are washed with water and dried. 

Crys tallization 

9 Crystallization is the next step in the 
manufacture of sugar. Crystallization 
takes place in a single-stage vacuum pan. 
The syrup is evaporated until saturated with 
sugar. As soon as the saturation point has 
been exceeded, small grains of sugar are 


added to the pan, or “strike.” These small 
grains, called seed, serve as nuclei for the 
formation of sugar crystals. (Seed grain is 
formed by adding 56 ounces [1,600 grams] 
of white sugar into the bowl of a slurry 
machine and mixing with 3.3 parts of a liquid 
mixture: 70 percent methylated spirit and 30 
percent glycerine. The machine runs at 200 
RPM for 15 hours.) Additional syrup is 
added to the strike and evaporated so that the 
original crystals that were formed are 
allowed to grow in size. 

The growth of the crystals continues until the 
pan is full. When sucrose concentration 
reaches the desired level, the dense mixture 
of syrup and sugar crystals, called masse- 
cuite, is discharged into large containers 
known as crystallizers. Crystallization con¬ 
tinues in the crystallizers as the massecuite is 
slowly stirred and cooled. 

Massecuite from the mixers is allowed 
to flow into centrifugals, where the 
thick syrup, or molasses, is separated from 
the raw sugar by centrifugal force. 

Cen tri fugal ing 

The high-speed centrifugal action used 
to separate the massecuite into raw 
sugar crystals and molasses is done in 
revolving machines called centrifugals. A 
centrifugal machine has a cylindrical basket 
suspended on a spindle, with perforated sides 
lined with wire cloth, inside which are metal 
sheets containing 400 to 600 perforations per 
s'quare inch. The basket revolves at speeds 
from 1,000 to 1,800 RPM. The raw sugar is 
retained in the centrifuge basket because the 
perforated lining retains the sugar crystals. 
The mother liquor, or molasses, passes 
through the lining (due to the centrifugal 
force exerted). The final molasses ( black¬ 
strap molasses) containing sucrose, reducing 
sugars, organic nonsugars, ash, and water, is 
sent to large storage tanks. 

Once the sugar is centrifuged, it is “cut down” 
and sent to a granulator for drying. In some 
countries, sugarcane is processed in small 
factories without the use of centrifuges, and a 
dark-brown product (noncentrifugal sugar) is 
produced. Centrifugal sugar is produced in 
more than 60 countries while noncentrifugal 
sugar in about twenty countries. 
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Drying and packaging 

Damp sugar crystals are dried by being 
tumbled through heated air in a granu¬ 
lator. The dry sugar crystals are then sorted 
by size through vibrating screens and placed 
into storage bins. Sugar is then sent to be 
packed in the familiar packaging we see in 
grocery stores, in bulk packaging, or in liquid 
form for industrial use. 

Byproducts 

The bagasse produced after extracting the 
juice from sugar cane is used as fuel to gen¬ 
erate steam in factories. Increasingly large 
amounts of bagasse are being made into 
paper, insulating board, and hardboard, as 
well as furfural, a chemical intermediate for 
the synthesis of furan and tetrahydrofuran. 

The beet tops and extracted slices as well the 
molasses are used as feed for cattle. It has 
been shown that more feed for cattle and 
other such animals can be produced per acre- 
year from beets than from any other crop 
widely grown in the United States. The beet 
strips are also treated chemically to facilitate 
the extraction of commercial pectin. 

The end product derived from sugar refining 
is blackstrap molasses. It is used in cattle 
feed as well as in the production of industrial 
alcohol, yeast, organic chemicals, and rum. 

Quality Control 

Mill sanitation is an important factor in qual¬ 
ity control measures. Bacteriologists have 
shown that a small amount of sour bagasse 
can infect the whole stream of warm juice 
flowing over it. Modern mills have self¬ 
cleaning troughs with a slope designed in 
such a way that bagasse does not hold up but 
flows out with the juice stream. Strict mea¬ 
sures are taken for insect and pest controls. 

Because cane spoils relatively quickly, great 
steps have been taken to automate the meth¬ 
ods of transportation and get the cane to the 
mills as quickly as possible. Maintaining the 
high quality of the end-product means stor¬ 
ing brown and yellow refined sugars (which 
contain two percent to five percent moisture) 
in a cool and relatively moist atmosphere, so 


that they continue to retain their moisture and 
do not become hard. 

Most granulated sugars comply with stan¬ 
dards established by the National Food 
Processors Association and the pharmaceuti¬ 
cal industry (U.S. Pharmacopeia, National 
Formulary). 

Where To Learn More 

Books 

Clarke, M. A., ed. Chemistry & Processing 
ofSugarbeet & Sugarcane. Elsevier Science 
Publishing Co., Inc., 1988. 

Hugot, E. Handbook of Cane Sugar Engi¬ 
neering. 3rd ed. Elsevier Science Publishing 
Co., Inc., 1986. 

Lapedes, Daniel, ed. McGrow Hill Encyclo¬ 
pedia of Food, Agriculture and Nutrition. 
McGraw Hill, 1977. 

McGee, Harold. On Food and Cooking: The 
Science and Lore of the Kitchen. Collier 
Books, 1984. 

Meade, G. P. Cane Sugar Handbook: A 
Manual for Cane Sugar Manufacturers and 
Their Chemists. John Wiley and Sons, 1977. 

Pennington, Neil L. and Charles Baker, eds. 
Sugar: A Users’ Guide to Sucrose. Van Nos¬ 
trand Reinhold, 1991. 

Rost, Waverly. Food. Simon & Schuster, 
1980. 

Periodicals 

“Sugar: Can We Make It On the Home¬ 
stead?” Countryside & Small Stock Journal. 
May-June, 1987, p. 9. 

Hayes, Joanne L. “Sugarloaf Lore,” Country 
Living. March, 1989, p. 132. 

“Squeezing All the Sweetness Out of Sugar¬ 
cane—and More,” Chemical & Engineering 
News. May 12, 1986, pp. 38-9. 

—Eva Sideman 
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Cyanoacrylate glues are 
often called super glue. 

Usually referred to as 
C.A.s, these glues typify 
the newest and strongest 
of modern glues. Although 
well known for home uses, 
C.A.s have found 
industrial applications in 
construction, medicine, 
and dentistry. 


Background 

Glue is a gelatinous adhesive substance used 
to form a surface attachment between dis¬ 
crete materials. Currently, there are five 
basic types of glue. Solvent glues comprise 
an adhesive base mixed with a chemical sol¬ 
vent that makes the glue spreadable; the glue 
dries as the solvent evaporates. Most sol¬ 
vents are flammable, and they evaporate 
quickly; toluene, a liquid hydrocarbon made 
from fossil fuels, is often used. Included in 
this category are glues sold as liquid solders 
and so-called contact cements. 

Water-based glues use water as a solvent 
instead of chemicals. They work slower than 
chemical solvent glues; however, they are 
not flammable. This category comprises such 
glues as white glue and powdered casein 
glue, made from milk protein and mixed at 
home or in the shop. 

Two part glues include epoxy and resorcinol, 
a crystalline phenol that can be synthesized 
or made from organic resins. One part con¬ 
tains the actual glue; the other part is a cata¬ 
lyst or hardener. Two part glue is very useful 
for working with metals (automobile dent 
filler is a two part glue) but must be mixed 
properly to work well. 

Animal hide glues are useful for woodwork¬ 
ing and veneer work. Made from the hides as 
well as the bones and other portions of ani¬ 
mals, the glue is sold either ready-made or as 
a powder or flake that can be mixed with 
water, heated, and applied hot. 

Cyanoacrylate glues, usually referred to as 
C.A.s, typify the newest and strongest of 
modern glues, which are made from syn¬ 
thetic polymers. A polymer is a complex 


molecule made up of smaller, simpler mole¬ 
cules (monomers) that attach to form repeat¬ 
ing structural units. Once a polymeric reac¬ 
tion has been catalyzed, it can be difficult to 
halt: the natural impulse to form polymeric 
chains is very strong, as are the resulting 
molecular bonds—and the glues based upon 
them. In the home and office, small quanti¬ 
ties of C.A.s are useful for an almost infinite 
number of repairs such as mending broken 
pottery, repairing joints, and even holding 
together split fingernails. In industry, C.A.s 
have become important in construction, med¬ 
icine, and dentistry. 

Cyanoacrylate glues were discovered at a 
Kodak lab in 1951 when two chemists. Dr. 
Harry Coover and Dr. Fred Joyner, tried to 
insert a film of ethyl cyanoacrylate between 
two prisms of a refractometer to determine 
the degree to which it refracted, or bent, light 
passing through it. Though the first conclu¬ 
sion of Coover, Joyner, and the other mem¬ 
bers of the lab team was only that an expen¬ 
sive piece of laboratory equipment had been 
ruined, they soon realized that they had 
stumbled upon a new type of adhesive. 

Moving from a lab accident to a marketable 
product is not easy; Kodak did not begin sell¬ 
ing the first cyanoacrylate glue, Eastman 
910, until 1958 (the company no longer 
makes C.A. adhesives). Today, several com¬ 
panies make C.A. glues in a variety of for¬ 
mulations. Some large manufacturers oper¬ 
ate research laboratories to respond to new 
demands for special formulations and to 
develop new and better C.A.s. 

The method by which polymers act as a glue 
is not completely understood. Most other 
glues work on a hook and eye principle—the 
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glue forms into microscopic hooks and eyes 
that grab onto each other, a sort of molecular 
velcro. With glues that work this way, the 
thicker the application, the more effective the 
bond. However, cyanoacrylate glues appear 
to bond differently. Current theory attributes 
the adhesive qualities of the cyanoacrylate 
polymer to the same electromagnetic force 
that holds all atoms together. Although a 
sizeable mass of one substance will electron¬ 
ically repel any other substance, two atoms 
of different substances placed in very close 
proximity will exert a mutually attractive 
force. Experiments with several substances 
have shown that two pieces of the same 
experimental material (gold, for example) 
can be made to adhere to each other without 
benefit of an added adhesive if forced into 
close proximity. 

This phenomenon explains why a thin film of 
C.A. glue works better than a thicker one. A 
thinner glue can be squeezed so close to the 
material it is bonding that the electromag¬ 
netic force takes over. A thicker film permits 
enough space between the materials it is 
bonding so that the molecules can repel one 
another, and the glue will consequently not 
hold as well. 

Raw Materials 

The chemicals necessary to form cyanoacry¬ 
late polymer include ethyl cyanoacetate, 
formaldehyde, nitrogen or some other nonre¬ 


active gas, free radical inhibitors, and base 
scavengers. Ethyl cyanoacetate comprises 
ethyl, a hydrocarbon radical (a radical is an 
atom or group of atoms that, because it con¬ 
tains an unpaired electron, is more likely to 
react with other atoms), cyanide, and acetate, 
an ester produced by mixing acetic acid with 
alcohol and removing the water. Formalde¬ 
hyde is a colorless gas often used in the manu¬ 
facture of synthetic resins. Nitrogen is an the 
most abundant gas in the earth’s atmosphere, 
comprising 78 percent of by volume and 
occurring as well in all living tissue. Because 
it does not react with other substances, it is 
commonly used to buffer highly reactive ele¬ 
ments that would otherwise engage in unde¬ 
sired reactions with contiguous substances. 
Free radical inhibitors and base scavengers 
both serve to remove substances that would 
otherwise sabotage the product. 

The Manufacturing 
Process 

C.A.s are produced in heated kettles that can 
hold from a few gallons to several thousand 
gallons; the size depends upon the scale of 
the particular manufacturing operation. 

Creating the polymer 

I The initial ingredient is ethyl cyanoac¬ 
etate. Placed into a glass-lined kettle with 
revolving mixing blades, this material is then 
mixed with formaldehyde. The mixing of the 
two chemicals triggers condensation, a 


The initial ingredient in super glue, 
ethyl cyanoacetate, is placed into a 
kettle with revolving blades and 
mixed with formaldehyde. The mix¬ 
ing triggers condensation, a chemi¬ 
cal reaction that produces water; 
this water is then evaporated as the 
kettle is heated. When the water has 
evaporated, what remains in the 
kettle is the C.A. polymer. Next, the 
kettle is heated again, causing ther¬ 
mal cracking of the polymer and 
creating reactive monomers that 
separate out. When the finished 
glue is applied, these monomers 
recombine to form a bond. 
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The separated monomers are piped 
to a second kettle. In going from one 
vessel to the other, the monomers 
move through a series of cooling 
coils that allow them to become liq¬ 
uid. The contents of the second col¬ 
lecting container {the one holding 
the liquid monomers) are effectively 
the C.A. glue, although they still 
need to be protected against curing. 
Various chemicals called free radi¬ 
cal inhibitors and base scavengers 
are added to precipitate out impuri¬ 
ties that would otherwise harden the 
mixture. After receiving any neces¬ 
sary additives, the glue is packaged 
accordingly. 


chemical reaction that produces water that is 
then evaporated as the kettle is heated. When 
the water has evaporated, what remains in 
the kettle is the C.A. polymer. 

2 Because the C.A. will begin to cure, or 
harden, on contact with any moisture, the 
kettle space left empty by the evaporation of 
the water is filled with a nonreactive gas such 
as nitrogen. 

Separating monomers from the 
polymer 

3 Next, the kettle is heated to a temperature 
of approximately 305 degrees Fahrenheit 
(150 degrees Celsius). Heating the mixture 
causes thermal cracking of the polymer, cre¬ 
ating reactive monomers (chemically, ethyl 
cyanoacrylate esters; with a slightly different 
process, methyl cyanoacrylate esters are pos¬ 
sible) that will, when the finished glue is 
applied, recombine to form a bond. 

Because the monomers are lighter than 
the polymer, they volatize upward and 
are piped out of the kettle into a second col¬ 
lector. The process is not unlike distilling, 
although the goal is a glue rather than an 
alcoholic beverage. In going from one vessel 
to the other, the monomers move through a 
series of cooling coils that allow them to 


become liquid. A second distilling might be 
performed for a high-quality product, and 
some manufacturers might even distill the 
monomers a third time. 

Preventing curing 

The contents of the second collecting 
container (the one holding the liquid 
monomers) are effectively the C.A. glue, 
although they still need to be protected 
against curing. Various chemicals called free 
radical inhibitors and base scavengers are 
added to precipitate out impurities that would 
otherwise harden the mixture. Because the 
quantities of impurities and precipitates are 
small (measurable in nothing larger than 
parts per million), there is no need to remove 
them from the C.A. mixture. If particles of 
precipitate were visible, even under several 
hundred magnifications, it would be a sign of 
severe contamination, and the batch would 
be destroyed. 

Additives and packaging 

6 The C.A. glue can, at this point, receive 
any additives that the manufacturer 
wishes. These additives can control the vis¬ 
cosity of the C.A. (in fact, at least three dif¬ 
ferent thicknesses are sold), or they can 
allow the glue to work on material types that 
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earlier C.A.s could not. A thicker viscosity is 
desired when bonding is to be done on sur¬ 
faces that don’t meet very well; the thicker 
viscosity allows the glue to fill the empty 
spaces before it sets. Without other additives, 
C.A.s might need to be restricted to non- 
porous surfaces. With additives in the C.A. 
or with some surface preparation, the C.A. 
will work very well. C.A. technology is suf¬ 
ficiently mature that a manufacturer can meet 
a request from a customer for a C.A. that will 
bond almost any given pair of surfaces. 

7 The C.A. can now be added to tubes using 
conventional, albeit humidity-free, tech¬ 
niques. Once a tube is filled, a top is fitted and 
crimped on, and the bottom of the tube is 
crimped closed. Because most metal tubes 
would react with the C.A., packaging tubes 
are usually made of a plastic material such as 
polyethylene, although aluminum tubes are 
possible. Once the C.A. is exposed to mois¬ 
ture or an alkaline, either in the air or on the 
surfaces being glued, the monomers will re¬ 
polymerize and harden, forming a tremen¬ 
dously strong bond between the two sub¬ 
stances. The reaction is total; the entire 
amount of C.A. that has been placed on the 
substances will polymerize. 

Quality Control 

Careful quality control must be exercised if 
the product is to work as it is supposed to. 
Because the polymerization of monomers is 
a universal reaction (it spreads throughout 
the amount of glue put on a surface, so that 
by the time the reaction has ended there is no 
glue left unpolymerized), any flaw in any 
step of the manufacturing process can affect 
thousands of gallons of material. 

Tremendous emphasis is placed on the qual¬ 
ity of chemicals and supplies coming into the 
plant. Ideally, all suppliers have approved 
quality control procedures to assure delivery 
of quality product to the plant. 


Although the manufacturing process is auto¬ 
matic, it is carefully monitored in the plant at 
all stages of operation. The duration of the 
mixing, the amount of mixture at each stage, 
and the temperature all need to be watched 
by operators ready to adjust the machines if 
necessary. 

The finished product also is tested before 
shipping. Most important is shear resistance, 
a measure of the force necessary to break the 
holding power of the glue. Measures of shear 
strength commonly reach several thousands 
of pounds of force per square inch. 

Where To Learn More 

Books 

Lee, Lieng-Huang. Adhesive Bonding. 
Plenum Press, 1991. 

Packham, D. E., ed. Handbook of Adhesion. 
Longman Publishing Group, 1993. 

Skeist, Irving. Handbook of Adhesives. Van 
Nostrand Reinhold, 1977. 

Swezey, Kenneth M., updated by Robert 
Scharff. Workshop Formulas, Tips & Data. 
Sterling Publishing Co., 1989, pp. 194-212. 

Periodicals 

“Which Glue for Which Job?” Consumer 
Reports. January, 1988, pp. 46-51. 

Hand, A. J. “What to Know About Super 
Glues,” Consumers’ Research. November, 
1990, pp. 32,40. 

Hand, A. J. “Secrets of the Superglues,” Pop¬ 
ular Science. February, 1989, pp. 82-84+. 

Sterling, Bruce. “Superglue.” The Magazine 
of Fantasy and Science Fiction. June, 1993, 
p. 107. 


—Lawrence H. Berlow 


4 47 



Thermometer 


The thermoscope, 
developed by Galileo 
around 1592, was the first 
instrument used to measure 
temperature qualitatively. 
It comprised a large bulb 
flask with a long, open 
neck and used wine to 
indicate the reading, 
making it extremely 
sensitive to barometric 
pressure. 


Background 

A thermometer is a device used to measure 
temperature. The thermoscope, developed by 
Galileo around 1592, was the first instrument 
used to measure temperature qualitatively. It 
was not until 1611 that Sanctorius Sanc- 
torius, a colleague of Galileo, devised and 
added a scale to the thermoscope, thus facili¬ 
tating quantitative measurement of tempera¬ 
ture change. By this time the instrument was 
called the thermometer, from the Greek 
words therme (“heat”) and metron (“mea¬ 
sure”). About 1644 it became obvious, how¬ 
ever, that this instrument—comprising a 
large bulb flask with a long, open neck, using 
wine to indicate the reading—was extremely 
sensitive to barometric pressure. To alleviate 
the problem. Grand Duke Ferdinand II of 
Tuscany developed a process to hermetically 
seal the thermometer, thereby eliminating 
outside barometric influence. The basic form 
has varied little since. 

There are many types of thermometers in use 
today: the recording thermometer uses a pen 
on a rotating drum to continuously record 
temperature readings; the digital readout 
thermometers often coupled with other 
weather measuring devices; and the typical 
household types hung on a wall, post, or 
those used for medical purposes. 

With a thermometer, temperature can be 
measured using any of three primary units: 
Fahrenheit, Celsius, or Kelvin. At one point 
during the eighteenth century, nearly 35 
scales of measure had been developed and 
were in use. 

In 1714 Gabriel Daniel Fahrenheit, a Dutch 
instrument maker known for his fine crafts¬ 


manship, developed a thermometer using 32 
(the melting point of ice) and 96 (the standard 
temperature of the human body) as his fixed 
points. It has since been determined that 32 
and 212 (the boiling point of water) are the 
scale’s fixed points, with 98.6 being accepted 
as the healthy, normal body temperature. 

Swedish scientist Anders Celsius, in 1742, 
assigned 0 degrees as the point at which 
water boiled and 100 degrees as the point at 
which ice melted. These two figures were 
eventually switched—creating the scale we 
know today—with 0 degrees as the freezing 
point of water and 100 degrees as the boiling 
point. Use of this scale quickly spread 
through Sweden and to France, and for two 
centuries it was known as the centigrade 
scale. The name was changed in 1948 to 
Celsius to honor its inventor. 

In 1848 another scientist. Lord Kelvin 
(William Thomson), proposed another scale 
based on the same principles as the Celsius 
thermometer, with the fixed point of absolute 
zero set at the equivalent of -273.15 degrees 
Celsius (the units used on this scale are 
called Kelvin [K]). The freezing and boiling 
points of water are registered at 273 K and 
373 K respectively. The Kelvin scale is most 
often used in scientific research studies. 

Design 

The operating principle of a thermometer is 
quite simple. A known measure of liquid 
(mercury, alcohol, or a hydrocarbon-based 
fluid) is vacuum-sealed in a glass tube. The 
liquid expands or contracts when air is 
heated or cooled. As the liquid level changes, 
a corresponding temperature scale can be 
read to indicate the current temperature. 
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GLASS BLANK FORMING RESERVOIR 



Heat 


INSERTING FLUID 



Thermometers are designed according to pre¬ 
defined standards identified by the National 
Institute of Standards and Technology 
(NIST, formerly the National Bureau of 
Standards) and standard manufacturing prac¬ 
tices. Within the regulatory guidelines there 
are provisions for the custom manufacture of 
thermometers. Custom thermometers can be 
as varied as those who use them. Different 
sizes exist for the amount, weight, and length 
of glass used, the type of liquid filled into the 
glass, the frequency of gradations laid onto 
the glass tube or enclosure, and even the 
color of the gradation scale marks. 

A design engineer will look at the travel lim¬ 
its for the liquid to be used in the thermome¬ 
ter. Once precise limits are established, the 
dimensions of the glass tube and size of the 
glass bulb can be determined. 

Use of electronic components in thermome¬ 
ters has grown. Many of today’s broadly 
used thermometers contain digital readouts 
and sample program cycles to feed back the 
current temperature to a light-emitting 
diode (LED) or liquid crystal display 
(LCD) panel. For all the electronic wizardry 
available, a thermometer must still contain a 
heat-cold sensitizing element in order to 
respond to environmental changes. 


Raw Materials 

Thermometers consist of three basic ele¬ 
ments: spirit-filled liquid, which responds to 
changes in heat and cold; a glass tube to 
house the temperature-measuring liquid; and 
black ink to color in the engraved scale marks 
with legible numbers. In addition, other ele¬ 
ments are necessary for the manufacture of 
thermometers, including a wax solution used 
to engrave the scale marks on the glass tube; 
an engraving engine that makes permanent 
gradations on the glass tube; and a hydrofluo¬ 
ric acid solution into which the glass tube is 
dipped to seal the engraving marks. 

The glass material forming the body of the 
thermometer is usually received from an out¬ 
side manufacturer. Some thermometer prod¬ 
ucts are made with an enclosure, which can 
be made of plastic or composites and may 
contain scale gradations as opposed to hav¬ 
ing these on the glass tube itself. The enclo¬ 
sure also serves to protect and mount the 
thermometer on a wall, post, or in a weather 
shelter box. 

The Manufacturing Process 

Although there are numerous types of ther¬ 
mometers, the production process for the 


Thermometer manufacturers start 
with glass blanks with bores down 
the middle; these are usually 
received from glass manufacturers. 
The bulb reservoir is formed by 
heating one end of the glass tube 
and pinching it closed. The bulb is 
sealed at its bottom, leaving an 
open lube at the top. 

Next, with the open end down in a 
vacuum chamber, air is evacuated 
from the glass tube, and the hydro¬ 
carbon fluid is introduced into the 
vacuum until it penetrates the tube 
about 1 inch. Due to environmental 
concerns, contemporary thermome¬ 
ters are manufactured less with mer¬ 
cury and more with a spirit-filled 
hydrocarbon liquid. 
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most common of these—the classic house¬ 
hold variety—is described below. 

The glass bulb 

1 First, the raw glass material is received 
from an outside manufacturer. The tube is 
made with a fine passage, or bore, through¬ 
out its length. The bored tubes are checked 
for quality; any rejected parts are sent back to 
the manufacturer for replacement. 

2 The bulb reservoir is formed by heating 
one end of the glass tube, pinching it 
closed, and using glassblowing and the appli¬ 
cation of an air-driven torch to complete it. 
Alternately, the bulb can be made by blowing 
a separate piece of lab material that is then 
joined with one end of the glass tube. The 
bulb is sealed at its bottom, leaving an open 
tube at the top. 

Adding the fluid 

3 With the open end down in a vacuum 
chamber, air is then evacuated from the 
glass tube, and the hydrocarbon fluid is intro¬ 
duced into the vacuum until it penetrates the 
tube about 1 inch (2.54 centimeters). Due to 
environmental concerns, contemporary ther¬ 
mometers are manufactured less with mercury 
and more with a spirit-filled hydrocarbon liq¬ 
uid. Such a practice is mandated (with toler¬ 
ance for a limited use of mercury) by the 
Environmental Protection Agency (EPA). 

The vacuum is then gradually reduced, forc¬ 
ing the fluid down near the top of the tube. 
The process is the same when mercury is 
used, except heat is also applied in the vac¬ 
uum chamber. 

4 Once full, the tube is placed upon its bulb 
end. A heating-out process is then con¬ 
ducted by placing the thermometer into a 
warm bath and raising the temperature to 400 
degrees Fahrenheit (204 degrees Celsius). 
Next, the temperature is reduced to room 
temperature to bring the residual liquid back 
to a known level. The open end of the ther¬ 
mometer is then sealed by placing it over a 
flame. 

Applying the scale 

5 After the tube is sealed, a scale is applied 
based on the level at which the fluid rests 


when inserted into a water bath of 212 
degrees Fahrenheit (100 degrees Celsius) 
versus one at 32 degrees Fahrenheit (0 
degrees Celsius). These reference points for 
the desired scale are marked on the glass tube 
before engraving or silkscreening is done to 
fill gradations. 

6 The range lengths vary according to the 
design used. A scale is picked that best 
corresponds to even marks between the refer¬ 
ence points. For accuracy purposes, engrav¬ 
ing is the preferred method of marking. The 
marks are made by an engraving engine after 
the thermometer is placed in wax. The num¬ 
bers are scratched onto the glass and, once 
complete, the thermometer is dipped in 
hydrofluoric acid to seal the engraved mark¬ 
ings. Ink is then rubbed into the marks to 
highlight the scale values. When enclosures 
are used on the scales, a silkscreening 
process is used to apply the marks. 

7 Finally, the thermometers are packaged 
accordingly and shipped to customers. 

Quality Control 

The manufacturing process is controlled by 
widely adopted industry standards and spe¬ 
cific in-house measures. Manufacturing 
design considerations include quality control 
checks throughout the production process. 
The equipment used to perform fabrication 
tasks must also be carefully maintained, 
especially with updated design protocol. 

Waste materials accrued during manufactur¬ 
ing are disposed of according to environmen¬ 
tal regulatory standards. During the 
manufacturing cycle, equipment used to heat, 
evacuate, and engrave the thermometer must 
be checked and calibrated regularly. 
Tolerance tests are also performed, using a 
known standard, to determine the accuracy of 
the temperature readings. All thermometers 
have a tolerance for accuracy. For the com¬ 
mon household, this tolerance is usually plus 
or minus 2 degrees Fahrenheit (16 degrees 
Celsius). For laboratory work, plus or minus 
1 degree is generally acceptable. 

The Future 

Although the longstanding simple glass ther¬ 
mometer is unlikely to change, other ther- 
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mometer forms continue to evolve. With 
technological advances and the more wide¬ 
spread use of lighter and stronger materials, 
manufacturers of electronically integrated 
temperature instruments can provide more 
accurate measurements of temperature with 
minimal equipment bulk and at an affordable 
price. Analog box thermometers, for exam¬ 
ple, were once used with a long wire and 
probe tip for in-ground temperature measure¬ 
ments, among other uses. Today, the probe 
tips are made of lighter materials, and the 
boxes, loaded with digital electronics, are not 
as bulky and square. Looking ahead, further 
work with the microchip may provide the 
impetus to fully digitize the temperature 
measuring process. Also, it may eventually 
be possible to direct an infrared beam into 
soil and extract a temperature reading from a 
target depth without even touching the soil. 


Where To Learn More 

Books 

Gardner, Robert. Temperature and Heat. 
Simon & Schuster, 1993. 

McGee, Thomas D. Principles and Methods 
of Temperature Measurement. John Wiley & 
Sons, 1988. 

Pavese, F., ed. Modem Gas-Based Temper¬ 
ature and Pressure Measurements. Plenum 
Publishing, 1992. 

Periodicals 

Alderman, Lesley. “Stick It In An Ear,” 
Money. January, 1993, p. 19. 

“Fever Thermometers,” Consumer Reports. 
December, 1988, p. 214. 


After the bulb reservoir is formed 
and the liquid inserted, the unit is 
heated and sealed. Next, the scale 
markings are added. This is done 
using engraving, in which the bulb 
is dipped in wax, the marks 
engraved, and the bulb dipped in 
hydrofluoric acid to seal the marks 
on the glass. 
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DiChristina, Mariette. “Thermometer You 
Swallow,” Popular Science. March, 1990, p. 
113. 

“Taking the Heat from Inside,” Discover. 
June, 1988, p. 12. 


Joyce, Mary E. “Thermometer Assists in 
Cancer Therapy,” Design News. September 
21, 1992, p. 46. 

—Matthew Fogel 
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Background 

A tire is a strong, flexible rubber casing 
attached to the rim of a wheel. Tires provide 
a gripping surface for traction and serve as a 
cushion for the wheels of a moving vehicle. 
Tires are found on automobiles, trucks, 
buses, aircraft landing gear, tractors and 
other farm equipment, industrial vehicles 
such as forklifts, and common conveyances 
such as baby carriages, shopping carts, wheel 
chairs, bicycles, and motorcycles. 

Tires for most vehicles are pneumatic; air is 
held under pressure inside the tire. Until 
recently, pneumatic tires had an inner tube to 
hold the air pressure, but now pneumatic 
tires are designed to form a pressure seal 
with the rim of the wheel. 

Scottish inventor Robert Thomson devel¬ 
oped the pneumatic tire with inner tube in 
1845, but his design was ahead of its time 
and attracted little interest. The pneumatic 
tire was reinvented in the 1880s by another 
Scotsman, John Boyd Dunlop, and became 
immediately popular with bicyclists. 

Natural rubber is the main raw material used 
in manufacturing tires, although synthetic 
rubber is also used. In order to develop the 
proper characteristics of strength, resiliency, 
and wear-resistance, however, the rubber 
must be treated with a variety of chemicals 
and then heated. American inventor Charles 
Goodyear discovered the process of strength¬ 
ening rubber, known as vulcanization or cur¬ 
ing, by accident in 1839. He had been 
experimenting with rubber since 1830 but 
had been unable to develop a suitable curing 
process. During an experiment with a mix¬ 
ture of india rubber and sulfur, Goodyear 


dropped the mixture on a hot stove. A chem¬ 
ical reaction took place and, instead of melt¬ 
ing, the rubber-sulfur mixture formed a hard 
lump. He continued his experiments until he 
could treat continuous sheets of rubber. 

Today, large, efficient factories staffed with 
skilled workers produce more than 250 mil¬ 
lion new tires a year. Although automation 
guides many of the steps in the manufactur¬ 
ing process, skilled workers are still required 
to assemble the components of a tire. 

Raw Materials 

Rubber is the main raw material used in man¬ 
ufacturing tires, and both natural and syn¬ 
thetic rubber are used. Natural rubber is 
found as a milky liquid in the bark of the rub¬ 
ber tree, Hevea Brasiliensis. To produce the 
raw rubber used in tire manufacturing, the 
liquid latex is mixed with acids that cause the 
rubber to solidify. Presses squeeze out 
excess water and form the rubber into sheets, 
and then the sheets are dried in tall smoke¬ 
houses, pressed into enormous bales, and 
shipped to tire factories around the world. 
Synthetic rubber is produced from the poly¬ 
mers found in crude oil. 

The other primary ingredient in tire rubber is 
carbon black. Carbon black is a fine, soft 
powder created when crude oil or natural gas 
is burned with a limited amount of oxygen, 
causing incomplete combustion and creating 
a large amount of fine soot. So much carbon 
black is required for manufacturing tires that 
rail cars transport it and huge silos store the 
carbon black at the tire factory until it is 
needed. 

Sulfur and other chemicals are also used in 
tires. Specific chemicals, when mixed with 
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45 3 



How Products Are Made, Volume 1 


while it is being shaped into a tire while other 
chemicals protect the rubber from the ultravi¬ 
olet radiation in sunshine. 


T he history of tires provides an excellent example of how innovations in 
one industry con couse massive changes in another Simply put, the "take 
off' of the automobile industry transformed the rubber industry in the United 
States during the early yeais of the twentieth century The late-nineteenth cen¬ 
tury rubber industry concentrated on producing footwear and bicycle and 
carriage tires By World War I, lubber and automobile tires were virtuolly 
synonymous in the public mind Seven thousand new cor sales in 1901 were 
accompanied by sales of 28,000 tires as original equipment (Of) ond an 
additional 68,000 replacement tires. By 1918, with tires forming about fifty 
percent of rubber sales. Of tire soles exceeded four million for the one mil¬ 
lion new cars produced and total hre production reached 24.5 million. 

This vast increase in production was accompanied by the emergence of now 
well-known firms like Goodyear, Goodrich, and Firestone, and the formation 
of the Industry's center in Akron, Ohio. And while employment soared pro¬ 
duction incroosos were possible only with the aid af technology The funda¬ 
mental innovation was the mechanization of core building. Before 1910, 
tires were built up by workers stretching, cementing, and stitching roch ply 
and the beads around an iron core. In 1909, W. C State of the Goodyear 
company patented o machine that corned the plys, beads, and tread on 
rollers carried on o central turret The worker pulled the appropriate material 
over the core while the machine's electric motor held the proper tension so 
the worker could finish cementing and stitching. Skill and dexleiify remained 
important, but the core-building machine simplified and sped-up production 
from six to eight hrqs per day per worker to twenty to forty a day, depending 
upon the type 

William S Prefzer 


rubber and then heated, produce specific tire 
characteristics such as high friction (but low 
mileage) for a racing tire or high mileage 
(but lower friction) for a passenger car tire. 
Some chemicals keep the rubber flexible 


Design 

The main features of a passenger car tire are 
the tread, the body with sidewalls, and the 
beads. The tread is the raised pattern in con¬ 
tact with the road. The body supports the 
tread and gives the tire its specific shape. 
The beads are rubber-covered, metal-wire 
bundles that hold the tire on the wheel. 

Computer systems now play a major role in 
tire design. Complex analysis software act¬ 
ing on years of test data allows tire engineers 
to simulate the performance of tread design 
and other design parameters. The software 
creates a three-dimensional color image of a 
possible tire design and calculates the effects 
of different stresses on the proposed tire 
design. Computer simulations save money 
for tire manufacturers because many design 
limitations can be discovered before a proto¬ 
type tire is actually assembled and tested. 

In addition to tests of tread design and tire 
body construction, computers can simulate 
the effects of different types of rubber com¬ 
pounds. In a modem passenger car tire, as 
many as twenty different types of rubber may 
be used in different parts of the tire. One 
robber compound may be used in the tread 
for good traction in cold weather; another 
compound is used to give increased rigidity 
in the tire sidewalls. 

After tire engineers are satisfied with com¬ 
puter studies of a new tire, manufacturing 
engineers and skilled tire assemblers work 
with the designers to produce tire prototypes 
for testing. When design and manufacturing 
engineers are satisfied with a new tire design, 
tire factories begin mass production of the 
new tire. 

The Manufacturing 
Process 

A passenger car tire is manufactured by 
wrapping multiple layers of specially formu¬ 
lated rubber around a metal drum in a tire¬ 
forming machine. The different components 
of the tire are carried to the forming machine, 
where a skilled assembler cuts and positions 
the strips to form the different parts of the 
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tire, called a “green tire” at this point. When 
a green tire is finished, the metal drum col¬ 
lapses, allowing the tire assembler to remove 
the tire. The green tire is then taken to a 
mold for curing. 

I The first step in the tire manufacturing 
process is the mixing of raw materials to 
form the rubber compound. Railcars deliver 
large quantities of natural and synthetic rub¬ 
ber, carbon black, sulfur, and other chemi¬ 
cals and oils, all of which are stored until 
needed. Computer control systems contain 
various recipes and can automatically mea¬ 
sure out specific batches of rubber and chem¬ 
icals for mixing. Gigantic mixers, hanging 
like vertical cement mixers, stir the rubber 
and chemicals together in batches weighing 
up to 1,100 pounds. 

2 Each mix is then remilled with additional 
heating to soften the batch and mix the 
chemicals. In a third step, the batch goes 
through a mixer again, where additional 
chemicals are added to form what is known as 
the final mix. During all three steps of mix¬ 
ing, heat and friction are applied to the batch 
to soften the rubber and evenly distribute the 
chemicals. The chemical composition of each 
batch depends on the tire part—certain rubber 
formulations are used for the body, other for¬ 
mulas for the beads, and others for the tread. 


Body, beads, and tread 

3 Once a batch of rubber has been mixed, it 
goes through powerful rolling mills that 
squeeze the batch into thick sheets. These 
sheets are then used to make the specific 
parts of the tire. The tire body, for instance, 
consists of strips of cloth-like fabric that are 
covered with rubber. Each strip of rubber¬ 
ized fabric is used to form a layer called a ply 
in the tire body. A passenger car tire may 
have as many as four plies in the body. 

4 For the beads of a tire, wire bundles are 
formed on a wire wrapping machine. The 
bundles are then formed into rings, and the 
rings are covered with rubber. 

The rubber for the tire tread and sidewalls 
travels from the batch mixer to another 
type of processing machine called an 
extruder. In the extruder, the batch is further 
mixed and heated and is then forced out 
through a die—a shaped orifice—to form a 
layer of rubber. Sidewall rubber is covered 
with a protective plastic sheet and rolled. 
Tread rubber is sliced into strips and loaded 
into large, flat metal cases called books. 

Tire-building machine 

6 The rolls of sidewall rubber, the books 
containing tread rubber, and the racks of 



The first step in the tire manufactur¬ 
ing process is the mixing of raw 
materials—rubber, carbon black, 
sulfur, and other materials—to form 
the rubber compound. After the rub¬ 
ber is prepared, it is sent to a tire- 
building machine, where a worker 
builds up the rubber layers to form 
the tire. At this point, the tire is called 
a "green tire." 
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After the green tire is made, it is put 
in a mold for curing. Shaped like a 
clam, the mold contains a large, 
flexible balloon. The tire is placed 
over the balloon (bladder), and the 
mold closes. Next, steam is pumped 
into the balloon, expanding it to 
shape the tire against the sides of 
the mold. After cooling, the tire is 
inflated and tested. 


beads are all delivered to a skilled assembler 
at a tire-building machine. At the center of 
the machine is a collapsible rotating drum 
that holds the tire parts. The tire assembler 
starts building a tire by wrapping the rubber- 
covered fabric plies of the body around the 
machine drum. After the ends of these plies 
are joined with glue, the beads are added and 
locked into place with additional tire body 
plies laid over the beads. Next, the assembler 
uses special power tools to shape the edges 
of the tire plies. Finally, the extruded rubber 
layers for the sidewalls and tread are glued 
into place, and the assembled tire—the green 
tire—is removed from the tire-building 
machine. 

Curing 

7 A green tire is placed inside a large mold 
for the curing process. A tire mold is 
shaped like a monstrous metal clam which 
opens to reveal a large, flexible balloon 
called a bladder. The green tire is placed 
over the bladder and, as the clamshell mold 
closes, the bladder fills with steam and 
expands to shape the tire and force the blank 
tread rubber against the raised interior of the 
mold. During this curing process, the steam 
heats the green tire up to 280 degrees. Time 
in the mold depends on the characteristics 
desired in the tire. 


Q After curing is complete, the tire is 
^ removed from the mold for cooling and 
then testing. Each tire is thoroughly inspected 
for flaws such as bubbles or voids in the rub¬ 
ber of the tread, sidewall, and interior of the 
tire. Then, the tire is placed on a test wheel, 
inflated, and spun. Sensors in the test wheel 
measure the balance of the tire and determine 
if the tire runs in a straight line. Because of 
the design and assembly of a modern tire, 
rarely is one rejected. Once the tire has been 
inspected and run on the test wheel, it is 

moved to a warehouse for distribution. 

* 

Quality Control 

Quality control begins with the suppliers of 
the raw materials. Today, a tire manufac¬ 
turer seeks suppliers who test the raw materi¬ 
als before they are delivered to the tire plant. 
A manufacturer will often enter into special 
purchasing agreements with a few suppliers 
who provide detailed certification of the 
properties and composition of the raw mate¬ 
rials. To insure the certification of suppliers, 
tire company chemists make random tests of 
the raw materials as they are delivered. 

Throughout the batch mixing process, sam¬ 
ples of the rubber are drawn and tested to 
confirm different properties such as tensile 
strength and density. Each tire assembler is 
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responsible for the tire components used. 
Code numbers and a comprehensive com¬ 
puter record-keeping system allow plant 
managers to trace batches of rubber and spe¬ 
cific tire components. 

When a new tire design is being manufac¬ 
tured for the first time, hundreds of tires are 
taken from the end of the assembly line for 
destructive testing. Some of the tires, for 
example, are sliced open to check for air 
pockets between body plies, while others are 
pressed down on metal studs to determine 
puncture resistance. Still other tires are spun 
rapidly and forced down onto metal drums to 
test mileage and other performance charac¬ 
teristics. 

A variety of nondestructive evaluation tech¬ 
niques are also used in tire quality control. 
X-ray videography provides a quick and 
revealing view through a tire. In an X-ray 
tire test, a tire is selected at random and taken 
to a radiation booth where it is bombarded 
with X-rays. A test technician views the X- 
ray image on a video screen, where tire 
defects are easily spotted. If a defect shows 
up, manufacturing engineers review the spe¬ 
cific steps of tire component assembly to 
determine how the flaw was formed. 

In addition to internal testing, feedback from 
consumers and tire dealers is also correlated 
with the manufacturing process to identify 
process improvements. 

The Future 

Constant improvements in rubber chemistry 
and tire design are creating exciting new tires 
that offer greater mileage and improved per¬ 
formance in extreme weather conditions. 
Manufacturers now offer tires estimated to 
last up to 80,000 miles. Treads, designed 
and tested by computer, now feature unique 


asymmetrical bands for improved traction 
and safety on wet or snowy roads. 

Tire design engineers are also experimenting 
with non-pneumatic tires that can never go 
flat because they don’t contain air under 
pressure. One such non-pneumatic tire is 
simply one slab of thick plastic attached to 
the wheel rim. The plastic curves out from 
the rim to a point where a rubber tread is 
secured to the plastic for contact with the 
road. Such a tire offers lower rolling resis¬ 
tance for greater fuel economy and superior 
handling because of a greater area of contact 
between tread and road. 

Where To Learn More 

Books 

Kovac, F. J. Tire Technology. Goodyear Tire 
and Rubber Co., 1978. 

Mechanics of Pneumatic Tires. U. S. Dept, of 
Transportation, 1981. 

Periodicals 

“Winners: The Best Product Designs of the 
Year,” Business Week. June 8, 1992, pp. 56- 
57. 

“Computer Simulation Saves Money, En¬ 
hances Tire Design Before Prototypes Are 
Built,” Elastomerics. July 1992, pp. 14-15. 

“PZero: Pushing the Performance Envelope 
with Pirelli’s Newest Offering,” European 
Car. July, 1992, pp. 62-63. 

“Tires: A Century of Progress,” Popular 
Mechanics. June 4, 1985, pp. 60-64. 

—Robert C. Miller 
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One of the most important 
advancements in tortilla 
chip manufacture has 
been the production of dry 
masa flour, a shelf-stable 
product. This dry flour has 
become popular because 
it reduces requirements for 
energy, labor, floor space, 
processing time, and 
equipment, and is 
convenient and easy to 
use. 


Bac kg rou nd 

The Spaniards first brought the word tortilla 
(from torta, “cake”) to Mexico; the 
Mexicans, in turn, used it to describe their flat 
com and flour cakes. The bread staple of the 
Mexican diet, all tortillas were originally 
made from the pulp of ground com, the native 
grain of the New World. When the Spanish 
brought wheat to the New World, white flour 
tortillas became prevalent. Com tortillas, now 
mostly machine-made, still hold the highest 
nutritional value. Cut into wedges and deep 
fried, these flat cakes became tortilla chips. 
After tortilla products were first introduced in 
the United States by Latin Americans living 
in the southwestern states, the popularity of 
new food item spread rapidly. Tortilla chips 
can come in many different sizes and shapes, 
such as triangles, rounds, and rectangular 
strips. The seasonings of tortilla chips can 
vary greatly, and they can be eaten with a 
variety of salsas and toppings. 

The basic method of tortilla and tortilla chip 
production has changed little since ancient 
times. Traditional tortilla preparation in¬ 
volves cooking the com in pots over a fire, 
steeping (soaking) for 8 to 16 hours, pouring 
off the cooking liquor or nejayote, and wash¬ 
ing the nixtamal (the end product of the cook¬ 
ing, steeping, and washing/draining process). 
The nixtamal is then ground into masa (dried 
and ground com flour) with hand-operated 
grinders or metates (grinding stones). The 
masa is either hand-molded or molded using a 
tortilla press to form thin disks, which are 
then baked on a hot griddle called a comal. 

One of the most important industrial 
advancements has been the production of dry 
masa flour, a shelf-stable product. This dry 


flour has become popular because it meets 
standards for certain applications, reduces 
requirements for energy, labor, floor space, 
processing time, and equipment, and is con¬ 
venient and easy to use. When compared 
with fresh masa flour, however, foods made 
from dry masa flour tend to be less flavorful 
and the cost per unit is higher. Smaller manu¬ 
facturers that supply local restaurants with 
tortilla chips usually use dry masa flour, 
while larger manufacturers use fresh masa 
flour that is produced on-site. 

Raw Materials 

Tortilla chips are made using yellow corn, 
white com, flour, whole wheat, or blue corn- 
meal. Coarse masa is used in making com 
tortilla chips. Masa consists of com that has 
been soaked in a food-grade lime and water 
solution to break down the hulls; the kernels 
are then ground into flour. Frying oil, salt, 
and various seasonings complete the list of 
main ingredients. Other ingredients, such as 
preservatives, emulsifiers, gums, and acidu- 
lants, are used mainly in the United States to 
improve shelf life and to maintain certain 
properties of the product. The characteristics 
of the raw material determine the tortilla 
chips’ quality, cooking parameters, and color. 

The Manufacturing 
Process 

Preparing the masa (dough) 

I The first major process in tortilla chip 
manufacturing is the production of coarse 
masa or dough. In a typical mixture, 2.5 to 3.0 
liters of water, 1 kilogram of 12 percent 
moist com, and 0.01 kilogram of food-grade 
lime (usually quicklime or hydrated lime) are 
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added together in a large industrial cooker. 
The lime is used primarily as an aid in remov¬ 
ing the pericarp (hull or skin) during cooking 
and steeping. The lime also helps to increase 
the product shelf life by controlling microbial 
activity, and it affects the flavor, aroma, 
color, and nutritional value of the chips. 

2 This mixture is then batch-cooked in 
either a Hamilton steam kettle or a verti¬ 
cal closed cooker. The Hamilton kettle is 
indirectly heated by steam, and the grain 
contents are mechanically agitated. It is 
designed for cooking at or near the boiling 
point of the lime-water-corn solution. An 
elaborate agitation system ensures the uni¬ 
form transfer of heat by condensing steam 
through the kettle wall and into the lime- 
water-corn solution. The capacity of these 
steam-jacketed kettles ranges from 300 to 


595 pounds (136 to 270 kilograms). The ver¬ 
tical closed cooker uses direct steam injec¬ 
tion to heat and agitate the lime-water-corn 
solution in a large tank, which serves for both 
cooking and steeping. Additional agitation is 
accomplished with compressed air. Because 
this system is designed for cooking at tem¬ 
peratures well below the solution boiling 
point (185 degrees Fahrenheit or 85 degrees 
Celsius), the cooking time is longer than in 
the Hamilton steam kettles. The capacity of 
the vertical cookers ranges from 3,000 to 
6,000 pounds (1,360 to 2,730 kilograms). 
Cooking time can vary greatly from a few 
minutes to a half hour, depending upon 
which system is used. In general, tempera¬ 
tures above 155 degrees Fahrenheit (68 
degrees Celsius) are considered to be the 
optimum cooking temperatures. Cooking 
depends on the characteristics of the com and 


To make tortilla chips, manufactur¬ 
ers first mix the raw ingredients— 
water, moist corn, and lime—to 
form the masa or dough. Next, the 
mixture is heated in a large kettle 
such as a Hamilton kettle, which is 
heated indirectly by steam. After 
steeping, which allows water to be 
absorbed, the solution is washed 
and pumped onto a conveyor belt 
for transport to the grinder. 
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the interaction of time, temperature, lime 
concentration, cooking vessel size, and agita¬ 
tion. Nixtamal used for fried products is gen¬ 
erally cooked less than nixtamal used for 
table tortillas. 

3 Immediately after cooking, the solution 
is quenched (rapidly cooled) to about 154 
to 162 degrees Fahrenheit (68-72 degrees 
Celsius). This lower temperature decreases 
water absorption during the steeping process 
and the cooking time of the nixtamal. The 
result is a more consistent masa, which 
absorbs less oil during frying. 

4 The grain is then steeped for 8 to 16 
hours in the cooking vat (if a vertical 
cooker was used) or transferred to a holding 
vat (if a Hamilton steam kettle was used). 
The steeping process allows water to be 
absorbed, which helps to disintegrate the hull 
and soften the kernel. During the steeping 
process, the temperature is dropped to 104 
degrees Fahrenheit (40 degrees Celsius). 

After steeping, the solution is pumped 
into the washers. The cooking liquor is 
drained off, and the resulting nixtamal is 
washed with pressurized water or spraying 
systems. Most of the pericarp and excess 
lime is removed during this step. Washing in 
commercial processes is done in two types of 
equipment: the drum washer and the “low¬ 
boy” system. A drum washer consists of a 
conveyor that transports the nixtamal into a 
rotating perforated cylinder with internal 
flights and water sprayers located within the 
drum. After spraying, the nixtamal passes 
into a drain conveyor, where the excess 
water is removed. The lowboy system con¬ 
sists of a receptacle equipped with internal 
screens and sprayers. The washed nixtamal 
is continuously removed from the bottom of 
the receptacle by an inclined belt conveyor. 
In both systems, a conveyor transports the 
washed, drained nixtamal into a hopper, 
which then feeds the stone grinder. The end 
result, using the typical com and lime mix¬ 
ture, will be 54 ounces (1.53 kilograms) of 
47 percent moist nixtamal. 

Grinding 

The washed nixtamal is then ground 
using two matched carved stones, one sta¬ 
tionary and the other rotating at about 500 to 
700 rpm. The stones are usually composed of 


lava or volcanic materials, although they can 
also consist of synthetic materials made of 
aluminum oxide (AI2O3). For optimum effi¬ 
ciency, the lava stones must be frequently 
recarved; the synthetic stones last longer and 
require less recarving. A typical stone is 10 
centimeters thick and 40 centimeters in diam¬ 
eter and has radial grooves. The grooves 
become more shallow as they approach the 
perimeter of the stone. The number, design, 
and depth of the grooves in the stones vary 
with the intended product: stones carved for 
the production of table tortillas have more 
shallow grooves to produce a finer masa, 
whereas coarser masa for tortilla chips comes 
from deeper-grooved stones. 

The grinding or milling starts when a screw 
conveyor at the base of the hopper forces the 
nixtamal through a center opening and into 
the gap between the stones, where shearing 
occurs. The material travels outward from 
the center to the perimeter of the stones. 
Water added during milling cools the stones, 
prevents excessive wear, and reduces the 
masa temperature. For a grinder with a 
capacity of 600 kg/hr, about 0.6 to 1.2 liters 
of water per minute (0.16-0.32 gpm) is 
added. This amount of water increases the 
masa moisture content to the optimum for 
sheeting. Like the grinding stones, the mois¬ 
ture content depends upon the resulting prod¬ 
uct. The masa particle size is the result of 
several interacting factors: degree of nixta¬ 
mal cooking; size and depth of the grooves in 
the grinding stones; gap or pressure between 
the grinding stones; amount of water used 
.during milling; and the type of corn used. 
The grinding breaks up the kernel structure 
and promotes “plastic” and cohesive proper¬ 
ties in the masa. Once the masa is produced, 
it is important to use it immediately or to pro¬ 
tect it against moisture loss. After grinding, 
the resulting mixture will be 1.65 kilograms 
of 51 percent moist coarse masa. 

Forming chips 

7 Next, actual chips are produced using the 
coarse masa, which is kneaded and mixed 
into plastic masa by mixers and extruders and 
then fed to sheeter rolls. The plastic masa is 
sheeted into a thin layer, which is then cut or 
forced into a specific configuration; the thick¬ 
ness of the sheet determines the final product 
weight. The sheeting starts when the masa is 
fed onto a pair of smooth rollers, usually 
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coated with Teflon, one rotating counter¬ 
clockwise and the other clockwise. The gap 
between the rollers is adjustable, so that prod¬ 
ucts of different thicknesses can be produced. 
The masa is forced between the rolls and sep¬ 
arated by wires located on the front and back 
rolls. The back wire cleans the sheeted masa 
from the back roll and allows it to adhere to 
the front roll, and the front wire or wires strip 
the masa pieces from the roll. The cutter 
rotates underneath the front roll. Different 
cutter configurations (triangular, circular, rec¬ 
tangular, etc.) are used for various products. 
Copper or plastic bands surround the end of 
the first roll and help to recycle excess masa. 
The masa pieces leave the front roller on a 
discharge belt, which feeds directly into the 
oven. 

Baking and cooling 

8 A three-tiered gas-fired oven is used to 
bake the formed masa. Generally, the 
chips are baked at temperatures ranging from 
500 to 554 degrees Fahrenheit (260-290 
degrees Celsius), with the baking time vary¬ 
ing from 35 to 50 seconds. Baking enhances 
the alkaline flavor and reduces moisture and 
oil absorption during frying. 

9 The tortilla chips are then cooled by 
moving through a series of open tiers or 


cooling racks. The chips are sometimes 
cooled for up to 20 minutes before frying to 
produce a more uniform consistency and to 
reduce blistering during frying. During this 
cooling process, the chips lose additional 
moisture (up to 3 percent), and the moisture 
within each chip becomes more evenly dis¬ 
tributed. 

Frying and seasoning 

The next step involves frying the chips 
using oil temperatures ranging from 
338 to 374 degrees Fahrenheit (170-190 
degrees Celsius) for 50 to 80 seconds. The 
frying temperature and time depend on the 
type of product. Tortilla chips made from yel¬ 
low com require a lower frying temperature 
and a longer time than chips made from white 
or blended white and yellow com. For exam¬ 
ple, com chips made from yellow com are 
fried at 320 degrees Fahrenheit (160 degrees 
Celsius), while those made from blended 
white and yellow com are fried at tempera¬ 
tures up to 410 degrees Fahrenheit (210 
degrees Celsius) for 60 to 90 seconds. Most 
of the commercial fryers used are the continu¬ 
ous type with direct or indirect heating ele¬ 
ments. Indirect-fired fryers are more 
expensive but more efficient, with lower oper¬ 
ational costs. Modem fryers are designed to 
filter out fines (very small pieces) continu- 



The washed solution is ground 
using two matched carved stones, 
one stationary and the other rotat¬ 
ing. From there, the resulting coarse 
masa is cut into actual chips. The 
masa is fed onto a pair of smooth 
rollers, usually coated with Teflon, 
one rotating counterclockwise and 
the other clockwise. The masa is 
forced between the rolls, cut, and 
discharged into the oven for bak¬ 
ing. After frying and seasoning, the 
chips are packaged accordingly. 
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ously and be easy to clean. These commercial 
fryers are available in sizes that can process 
from 160 to 1,360 kg/hr (353-3,000 lbs/hr). 
The process yield, using the typical com/lime 
mixture, will be 0.96 kilograms (2.1 pounds) 
of tortilla chips, with 22 to 24 percent oil and 
less than 2 percent moisture. 

The salt and seasonings are applied 
immediately after frying while the chips 
are still hot. The hot chips are conveyed into 
an inclined rotating cylinder, where a liquid 
seasoning mix is sprayed on them. Generally, 
the liquid mix consists of hot oil, salt, season¬ 
ings, and flavoring and coloring agents. Upon 
cooling, the oil crystallizes, forming the sea¬ 
soning coat. Salt can also be deposited on the 
chips as a liquid spray or by a granulated salt 
dispenser positioned over the conveying belts 
after the tumbling operation. The amount of 
salt usually added to tortilla chips is about 1 to 
1.5 percent by weight. 

Cooling and packaging 

The tortilla chips are then cooled to 
ambient temperature and immediately 
packaged in moistureproof bags. Because 
fried products are very hygroscopic (they 
readily absorb and retain moisture), delayed 
packaging can cause a loss of crispness. The 
cooled tortilla chips, with about 1.5 percent 
moisture, are conveyed into a bagging 
machine. This machine automatically weighs 
and deposits them in a bag, which is then 
sealed. 

Qualify Control 

The quality control aspect of tortilla chip 
production is essential so that the chips can 
reach the customer at their freshest. The 
major parameters controlled during tortilla 
chip production are: temperature and relative 
humidity of com silos and storage rooms for 
ingredients and products; the cooking, 
quenching, steeping, baking, and frying 
times and temperatures; types of grinding 
stones and their adjustment during milling; 
moisture content of the com, nixtamal, masa, 
and, finally, the tortilla chips; operating con¬ 
dition of the equipment (such as the cooker, 
sheeter, oven, fryer, cooling rack, packaging 
equipment, etc.); frying oil and product dete¬ 
rioration; and the sanitation of equipment 
and personnel. 


The Future 

The future trends for the com and tortilla chip 
market are toward thinner, lighter, and 
smaller chips. Recently, tortilla chips made 
from white com, whole wheat flour, and the 
blue commeal of the Southwest have become 
available and increasingly popular. 
Combinations of masa flour with wheat, 
legumes, and other flours will lead to interest¬ 
ing new products. New products fried with 
oils containing more unsaturated fatty acids 
or made from nutritionally improved corn 
will enhance the image of tortilla chips. 
Modified frying and new baking techniques 
that produce foods with a texture like that of 
fried foods will be used to make lower calorie 
snacks. The industry will move toward 
higher-speed production lines, more automa¬ 
tion, better quality control, and higher labor 
and equipment efficiency. 

It is estimated that the consumption of tortilla 
chips will continue to increase in the United 
States. Com and tortilla chips are becoming 
popular in other areas of the world as well. 
Corn chip plants have been started in 
Australia, the People’s Republic of China, 
India, Korea, and other countries. Experi¬ 
encing a 50 percent increase in wholesale 
sales during the past five years, com and tor¬ 
tilla snacks are rapidly moving into main¬ 
stream popularity. Future growth, however, 
depends on the industry’s ability to keep 
pace with changing consumer demands. 

Where To Learn More 

Books 
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Analysis, Diabetic Exchanges & Common 
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Pan-Tech International, 1993. 
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Well-Filled Tortilla Cookbook. Workman 
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Assyrians, Israelites, 
Greeks, Etruscans, 
Romans, Celts, and 
Teutonic tribes all had 
some form of horn, and 
many were decorated. 
These instruments, which 
produced low, powerful 
notes, were mainly used in 
battle or during 
ceremonies. They were not 
usually considered to be 
musical instruments. 


Background 

A trumpet is a brass wind instrument noted 
for its powerful tone sounded by lip vibration 
against its cup-shaped mouthpiece. A trumpet 
consists of a cylindrical tube, shaped in a pri¬ 
mary oblong loop that flares into a bell. 
Modern trumpets also have three piston 
valves as well as small, secondary tubing that 
act as tuning slides to adjust the tone. Almost 
all trumpets played today are B-flat. This is 
the tone naturally played when the trumpet is 
blown. They have a range between the F- 
sharp below middle C to two and a half 
octaves above (ending at B), and are compar¬ 
atively easier to play than other brass instru¬ 
ments. 

The first trumpets were probably sticks that 
had been hollowed out by insects. Numerous 
early cultures, such as those in Africa and 
Australia, developed hollow, straight tubes 
for use as megaphones in religious rites. 
These early “trumpets” were made from the 
horns or tusks of animals, or cane. By 1400 
b.c. the Egyptians had developed trumpets 
made from bronze and silver, with a wide 
bell. People in India, China, and Tibet also 
created trumpets, which were usually long 
and telescoped. Some, like Alpine horns, 
rested their bells on the ground. Assyrians, 
Israelites, Greeks, Etruscans, Romans, Celts, 
and Teutonic tribes all had some form of 
horn, and many were decorated. These 
instruments, which produced low, powerful 
notes, were mainly used in battle or during 
ceremonies. They were not usually consid¬ 
ered to be musical instruments. To make 
these trumpets, the lost-wax method was 
used. In this process, wax was placed in a 
cavity that was in the shape of a trumpet. 
This mold was then heated so that the wax 
melted away, and in its place molten bronze 


was poured, producing a thick-walled instru¬ 
ment. 

The Crusades of the late Middle Ages (a.d. 
1095-1270) caused most of Europe to come 
into contact with Arabic cultures, and it is 
believed that these introduced trumpas made 
from hammered sheets of metal. To make 
the tube of the trumpet, a sheet of metal was 
wrapped around a pole and soldered. To 
make the bell, a curved piece of metal shaped 
somewhat like an arc of a phonograph record 
was dovetailed. One side was cut to form 
teeth. These teeth were then splayed alter¬ 
nately, and the other side of the piece of 
metal was brought around and stuck between 
the teeth. Hammering the seam smoothed it 
down. Around a.d. 1400 the long, straight 
trumpets were bent, thus providing the same 
sound in a smaller, more convenient instru¬ 
ment. Molten lead was poured into the tube 
and allowed to solidify. This was then 
beaten to form a nearly perfect curve. The 
tube was next heated and the lead was poured 
out. The first bent trumpets were S-shaped, 
but rapidly the shape evolved to become a 
more convenient oblong loop. 

A variety of trumpets were developed during 
the last half of the eighteenth century, as both 
musicians and trumpet makers searched for 
ways to make the trumpet more versatile. 
One limitation of the contemporary trumpet 
was that it could not be played chromatically; 
that is, it could not play the half-step range 
called the chromatic scale. In 1750 Anton 
Joseph Hampel of Dresden suggested plac¬ 
ing the hand in the bell to solve the problem, 
and Michael Woggel and Johann Andreas 
Stein around 1777 bent the trumpet to make 
it easier for the player’s hand to reach the 
bell. The consensus was that this created 
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more problems than it solved. The keyed 
trumpet followed, but it never caught on, and 
was replaced rapidly by valve trumpets. The 
English created a slide trumpet, yet many 
thought the effort to control the slide wasn’t 
worth it. 

The first attempt to invent a valve mechanism 
was tried by Charles Clagget, who took out a 
patent in 1788. The first practical one, how¬ 
ever, was the box tubular valve invented by 


Heinrich Stoelzel and Friedrich Bluhmel in 
1818. Joseph Riedlin in 1832 invented the 
rotary valve, a form now only popular in 
Eastern Europe. It was Francois Perinet in 
1839 who improved upon the tubular valve to 
invent the piston valved trumpet, the most 
preferred trumpet of today. The valves 
ensured a trumpet that was fully chromatic 
because they effectively changed the tube 
length. An open valve lets the air go through 
the tube fully. A closed valve diverts the air 


The various parts of a trumpet are 
manufactured in drawing, hammer¬ 
ing, and bending operations. In 
drawing, brass tubing is put over a 
tapered steel rod (mandrel), and a 
die is drawn down its length. At var¬ 
ious times, the brass parts must be 
annealed (heat-treated) to improve 
their workability. 
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through its short, subsidiary tubing before 
returning it to the main tube, lengthening its 
path. A combination of three valves provides 
all the variation a chromatic trumpet needs. 

The first trumpet factory was founded in 
1842 by Adolphe Sax in Paris, and it was 
quickly followed by large-scale manufactur¬ 
ers in England and the United States. 
Standardized parts, developed by Gustave 
Auguste Besson, became available in 1856. 
In 1875 C. G. Conn founded a factory in 
Elkhart, Indiana, and to this day most brass 
instruments from the United States are manu¬ 
factured in this city. 

Today some orchestras are not satisfied with 
only using B-flat trumpets. There has been a 
revival of natural trumpets, rotary trumpets, 
and trumpets that sound higher than the stan¬ 
dard B-flat. Overall, however, modem tram- 
pets produce high, brilliant, chromatic 
musical tones in contrast with the low, pow¬ 
erful, inaccurate trumpets of the past. 

Raw Materials 

Brass instruments are almost universally 
made from brass, but a solid gold or silver 
trumpet might be created for special occa¬ 
sions. The most common type of brass used 
is yellow brass, which is 70 percent copper 
and 30 percent zinc. Other types include 
gold brass (80 percent copper and 20 percent 
zinc), and silver brass (made from copper, 
zinc, and nickel). The relatively small 
amount of zinc present in the alloy is neces¬ 
sary to make brass that is workable when 
cold. Some small manufacturers will use 
such special brasses as Ambronze (85 per¬ 
cent copper, 2 percent tin, and 13 percent 
zinc) for making certain parts of the trumpet 
(such as the bell) because such alloys pro¬ 
duce a sonorous, ringing sound when struck. 
Some manufacturers will silver- or goldplate 
the basic brass instrument. 

Very little of the trumpet is not made of 
brass. Any screws are usually steel; the 
water key is usually lined with cork; the rub¬ 
bing surfaces in the valves and slides might 
be electroplated with chromium or a stainless 
nickel alloy such as monel; the valves may 
be lined with felt; and the valve keys may be 
decorated with mother-of-pearl. 


Design 

Most trumpets are intended for beginning stu¬ 
dents and are mass produced to provide fairly 
high quality instruments for a reasonable 
price. The procedure commonly used is to 
produce replicas of excellent trumpets that are 
as exact as possible. Professional trumpeters, 
on the other hand, demand a higher priced, 
superior instrument, while trumpets for spe¬ 
cial events are almost universally decorated, 
engraved with ornate designs. To meet the 
demand for custom-made trumpets, the manu¬ 
facturer first asks the musician such questions 
as: What style of music will be played? What 
type of orchestra or ensemble will the trumpet 
be played in? How loud or rich should the 
trumpet be? The manufacturer can then pro¬ 
vide a unique bell, specific shapes of the tun¬ 
ing slides, or different alloys or plating. Once 
the trumpet is created, the musician plays it 
and requests any minor adjustments that might 
need to be made. The trumpet’s main pipe can 
then be tapered slightly. The professional 
trumpet player will usually have a favorite 
mouthpiece that the ordered trumpet must be 
designed to accommodate. 

The Manufacturing 
Process 

The main tube 

I The main tube of the trumpet is manufac¬ 
tured from standard machinable brass that 
is first put on a pole-shaped, tapered mandrel 
and lubricated. A die that looks like a dough¬ 
nut is then drawn down its entire length, thus 
tapering and shaping it properly. Next, the 
shaped tube is annealed—heated (to around 
1,000 degrees Fahrenheit or 538 degrees 
Celsius) to make it workable. This causes an 
oxide to form on the surface of the brass. To 
remove the oxidized residue, the tube must 
be bathed in diluted sulfuric acid before 
being bent. 

2 The main tube may be bent using one of 
three different methods. Some large man¬ 
ufacturers use hydraulic systems to push high 
pressure water (at approximately 27,580 
kilopascals) through slightly bent tubing that 
has been placed in a die. The water presses 
the sides of the tubing to fit the mold exactly. 
Other large manufacturers send ball 
bearings of exact size through the tubing. 
Smaller manufacturers pour pitch into the 
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Trumpets are almost universally 
made from brass, but a solid gold 
or silver trumpet might be created 
for special occasions. The most 
common type of brass used is yel¬ 
low brass, which is 70 percent cop¬ 
per and 30 percent zinc. Other 
types include gold brass (80 percent 
copper and 20 percent zinc), and 
silver brass (made from copper, 
zinc, and nickel). The relatively 
small amount of zinc present in the 
alloy is necessary to make brass 
that is workable when cold. 


tube, let it cool, then use a lever to bend the 
tube in a standard curve before hammering it 
into shape. 

The bell 

The bell is cut from sheet brass using an 
exact pattern. The flat dress-shaped sheet 
is then hammered around a pole. Where the 
tube is cylindrical, the ends are brought 
together into a butt joint. Where the tube 
begins to flare, the ends are overlapped to 
form a lap joint. The entire joint is then 
brazed with a propane oxygen flame at 1,500 
to 1,600 degrees Fahrenheit (816 to 871 
degrees Celsius) to seal it. To make a rough 
bell shape, one end is hammered around the 
hom of a blacksmith anvil. The entire tube is 
then drawn on a mandrel exactly like the 
main tube, while the bell is spun on the man¬ 
drel. A thin wire is placed around the bell’s 
rim, and metal is crimped around it to give the 
edge its crisp appearance. The bell is then 
soldered to the main tube. 

The valves 

4 The knuckles and accessory tubing are 
first drawn on a mandrel as were the tube 
and bell. The knuckles are bent into 30-, 45-, 
60-, and 90-degree angles, and the smaller 
tubes are bent (using either the hydraulic or 
ball bearing methods used to bend the main 
tubing), annealed, and washed in acid to 
remove oxides and flux from soldering. The 
valve cases are cut to length from heavy tub¬ 
ing and threaded at the ends. They then need 
to have holes cut into them that match those 
of the pistons. Even small manufacturers 


now have available computer programs that 
precisely measure where the holes should be 
drawn. The valve cases can be cut with drills 
whose heads are either pinpoint or rotary 
saws that cut the holes, after which pins prick 
out the scrap disk of metal. The knuckles, 
tubes and valve cases are then placed in jigs 
that hold them precisely, and their joints are 
painted with a solder and flux mixture using 
a blow torch. After an acid bath, the assem¬ 
bly is polished on a buffing machine, using 
wax of varying grittiness and muslin discs of 
varying roughness that rotate at high speeds 
(2,500 rpm is typical). 

Assembly 

The entire trumpet can now be assem¬ 
bled. The side tubes for the valve slides 
are joined to the knuckles and the main tub¬ 
ing is united end to end by overlapping their 
ferrules and soldering. Next, the pistons are 
then inserted, and the entire valve assembly 
is screwed onto the main tubing. The mouth¬ 
piece is then inserted. 

6 The trumpet is cleaned, polished, and lac¬ 
quered, or it is sent to be electroplated. 
The finishing touch is to engrave the name of 
the company on a prominent piece of tubing. 
The lettering is transferred to the metal with 
carbon paper, and a skilled engraver then 
carves the metal to match the etching. 

7 Trumpets are shipped either separately 
for special orders or in mass quantities 
for high school bands. They are wrapped 
carefully in thick plastic bubble packaging or 
other insulating material, placed in heavy 
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boxes full of insulation (such as packaging 
peanuts) then mailed or sent as freight to the 
customer. 

Quality Control 

The most important feature of a trumpet is 
sound quality. Besides meeting exacting tol¬ 
erances of approximately 1 x 10 5 meters, 
every trumpet that is manufactured is tested 
by professional musicians who check the 
tone and pitch of the instrument while listen¬ 
ing to see if it is in tune within its desired 
dynamic range. The musicians test-play in 
different acoustical set-ups, ranging from 
small studios to large concert halls, depend¬ 
ing on the eventual use of the trumpet. Large 
trumpet manufacturers hire professional 
musicians as full-time testers, while small 
manufacturers rely on themselves or the cus¬ 
tomer to test their product. 

At least half the work involved in creating and 
maintaining a clear-sounding trumpet is done 
by the customer. The delicate instruments 
require special handling, and, because of their 
inherent asymmetry, they are prone to imbal¬ 
ance. Therefore, great care must be taken so 
as not to carelessly damage the instrument. 
To prevent dents, trumpets are kept in cases, 
where they are held in place by trumpet¬ 
shaped cavities that are lined with velvet. The 
trumpet needs to be lubricated once a day or 
whenever it is played. The lubricant is usually 
a petroleum derivative similar to kerosene for 
inside the valves, mineral oil for the key 
mechanism, and axle grease for the slides. The 
grime in the mouthpiece and main pipe should 
be cleaned every month, and every three 
months the entire trumpet should soak in 
soapy water for 15 minutes. It should then be 
scrubbed throughout with special small 
brushes, rinsed, and dried. 

To maintain the life of the trumpet, it must 
occasionally undergo repairs. Large dents 
can be removed by locally annealing and 
hammering, small dents can be hammered 
out and balls passed through to test the final 
size, fissures can be patched, and worn pis¬ 
tons can be replated and ground back to their 
former size. 
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pp. 57-58. 
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12 . 

Fasman, Mark J. “Brass Bibliography: 
Sources on the History, Literature, 
Pedagogy, Performance, and Acoustics of 
Brass Instruments,” rev. by Doug Rippey in 
RQ, Summer, 1991, p. 555. 
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Background 

The umbrella as we know it today is primarily 
a device to keep people dry in rain or snow. 
Its original purpose was to shade a person 
from the sun (umbra is Latin for “shade”), a 
function that is still reflected in the word 
“parasol,” (derived from the French parare, 
“to shield” and sol, “sun”) a smaller-sized 
umbrella used primarily by women. There is 
an abundance of references to the usage of 
parasols and umbrellas in art and literature 
from ancient Africa, Asia, and Europe. For 
example, the Egyptian goddess Nut shielded 
the earth like a giant umbrella-—only her toes 
and fingertips touched the ground—thus pro¬ 
tecting humanity from the unsafe elements of 
the heavens. Although the Egyptians, like the 
Mesopotamians, used palm fronds and feath¬ 
ers in their umbrellas, they also introduced 
stretched papyrus as a material for the 
canopy, thereby creating a device that is rec¬ 
ognizably an umbrella by modem standards. 

About 2,000 years ago, the sun-umbrella was 
a common accessory for wealthy Greek and 
Roman women. It had become so identified 
as a “woman’s object” that men who used it 
were subjected to ridicule. In the first century 
a.d., Roman women took to oiling their 
paper sunshades, intentionally creating 
umbrellas for use in the rain. There is even a 
recorded lawsuit dating from the first century 
over whether women should be allowed to 
open umbrellas during events held in 
amphitheaters. Although umbrellas blocked 
the vision of those behind them, the women 
won their case. 

It was not until 1750 that the Englishman 
Jonas Hanway set out to popularize the 
umbrella. Enduring laughter and scorn, 


Hanway carried an umbrella wherever he 
went; not only was the umbrella unusual, it 
was a threat to the coachmen of England, 
who derived a good portion of their income 
from gentlemen who took cabs in order to 
keep dry on rainy days. (In the late 1700s and 
early 1800s, another name for an umbrella 
was a “Hanway.”) Braving similar ridicule in 
1778, John MacDonald, a well-known 
English gentlemen, carried an umbrella 
wherever he went. 

Due to the efforts of Hanway, MacDonald, 
and other enterprising individuals, the 
umbrella became a common accessory. In 
nineteenth-century England, specially 
designed handles that concealed flasks for 
liquors, daggers and knives, small pads and 
pencils, or other items were in high demand 
by wealthy gentlemen. The umbrella 
became so popular that by the mid-twentieth 
century, if not earlier, etiquette demanded 
that the uniform of the English gentleman 
include hat, gloves, and umbrella. 

Among the qualities one might look for in an 
umbrella is the comfort of the handle, the 
ease with which the umbrella is opened and 
closed, and the closeness with which the 
canopy segments are connected to the ribs. 

Raw Materials 

Materials used to manufacture umbrellas 
have, of course, improved through the years. 
One of the most important innovations came 
in the early 1850s, when Samuel Fox con¬ 
ceived the idea of using “U” shaped steel 
rods for the ribs and stretchers to make a 
lighter, stronger frame. Previously, English 
umbrellas had been made from either cane or 
whalebone; whalebone umbrellas especially 


In the first century A.D., 
Roman women took to 
oiling their paper 
sunshades, intentionally 
creating umbrellas for use 
in the rain. There is even a 
recorded lawsuit dating 
from the first century over 
whether women should be 
allowed to open umbrellas 
during events held in 
amphitheaters. Although 
umbrellas blocked the 
vision of those behind 
them, the women won 
their case. 
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MAKING SHAFT 





Modern umbrellas are made by a 
hand-assembly process that, except 
for a few critical areas, can be done 
by semi-skilled workers. First, the 
shaft—whether wood, metal, or 
fiberglass—is made, and then the 
ribs and stretchers are assembled. 
Next, the nylon canopy is hand- 
sewn in sections (a typical umbrella 
has 8 sections). 


were bulky and awkward. Rounded ribs and 
stretchers are frequently seen today only on 
parasols and patio umbrellas. Advancements 
in metal-producing technology have made 
rounded metal ribs and stretchers more feasi¬ 
ble, however, and some manufacturers pro¬ 
duce umbrellas with these components. 
Modem rain umbrellas are made with fabrics 
(nylon, most commonly) that can withstand a 
drenching rain, dry quickly, fold easily, and 
are available in a variety of colors and 
designs. 

The Manufacturing 
Process 

Modern umbrellas are made by a hand- 
assembly process that, except for a few criti¬ 
cal areas, can be done by semi-skilled 
workers. Choices of materials and quality 
control occur throughout the manufacturing 
process. Although a well-made umbrella need 
not be expensive, almost every purchasing 


decision impacts directly upon the quality of 
the final product. 

Collapsible rain umbrellas that telescope into 
a length of about a foot are the most recent 
innovations in umbrellas. Though mechani¬ 
cally more complicated than stick umbrellas, 
they share the same basic technology. Among 
the differences between a stick umbrella and a 
collapsible umbrella is that the collapsible 
uses a two piece shaft that telescopes into 
itself, and an extra set of runners along the top 
of the umbrella. This section will focus on the 
manufacture of a stick umbrella. 

The shaft 

I The stick umbrella will usually begin its 
life as a shaft of either wood, steel, or alu¬ 
minum, approximately 3/8 inch (.95 cen¬ 
timeter) thick. Fiberglass and other plastics 
are occasionally used, and in fact they are 
common in the larger golf umbrella. Wood 
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The fabric for the canopy is usually 
a nylon taffeta with an acrylic coat¬ 
ing on the underside and a scotch- 
guard type finish on the top. The 
coating and finish are usually 
applied by the fabric supplier. 
Other fabrics besides nylon might 
be used according to need or taste; 
a patio umbrella attached to an out¬ 
door table does not have to be light¬ 
weight and waterproof as much as 
a customer might want it to be 
large, durable, and attractive. 


from various types of ash trees, including 
Rowan wood from Asia, is among the popu¬ 
lar choices for a sturdy wood shaft. While 
wood shafts are made using standard wood¬ 
shaping machines such as turning machines 
and lathes, metal and plastic shafts can be 
drawn or extruded to the proper shape. 

Ribs and stretchers 

2 The ribs and stretchers are assembled 
first, usually from “U” shaped or chan¬ 
neled steel or other metal. Ribs run under¬ 
neath the top or canopy of the umbrella; 
stretchers connect the ribs with the shaft of 
the umbrella. The ribs are attached to the 
shaft of the umbrella by fitting into a top 
notch—a thin, round nylon or plastic piece 
with teeth around the edges, and then held 
with thin wire. The stretchers are connected 
to the shaft of the umbrella with a plastic or 
metal runner, the piece that moves along the 
shaft of the umbrella when it is opened or 
closed. 

3 Next, the ribs and stretchers are con¬ 
nected to each other with a joiner, which 
is usually a small jointed metal hinge; as the 
umbrella is opened or closed, the joiner 


opens or closes through an angle of more 
than 90 degrees. 

4 There are two catch springs in the shaft 
of each umbrella; these are small pieces 
of metal that need to be pressed when the 
umbrella is slid up the shaft to open, and 
again when the umbrella is slid down the 
shaft for closing. Metal shafts are usually 
hollow, and the catch spring can be inserted, 
while a wood shaft requires that a space for 
the catch spring be hollowed out. A pin or 
other blocking device is usually placed into 
the shaft a few inches above the upper catch 
spring to prevent the canopy from sliding 
past the top of umbrella, when the runner 
goes beyond the upper catch spring. 

Canopy 

The cover or canopy of the umbrella is 
hand sewn in individual panels to the 
ribs. Because each panel has to be shaped to 
the curve of the canopy, the cover cannot be 
cut in one piece. Panels are sewn at the outer 
edges of the ribs, and there are also connec¬ 
tions between the ribs and the panels about 
one-third of the way down from the outer 
edge of the canopy. Each panel is cut sepa- 
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rately from piles of materials called gores', 
machine cutting of several layers at once is 
possible, although hand-cutting is more typi¬ 
cal. The typical rain umbrella has eight pan¬ 
els, although some umbrellas with six panels 
(children’s umbrellas and parasols usually 
have six panels) and as many as twelve can 
occasionally be found. At one point, the 
number of panels in an umbrella may have 
been an indication of quality (or at least of 
the amount of attention the umbrella maker 
paid to his product). Today, because of the 
quality of the material available to the 
umbrella maker, the number of panels is usu¬ 
ally a matter of style and taste rather than 
quality. 

The fabric used in a good-quality umbrella 
canopy is usually a nylon taffeta rated at 
190T (190 threads per inch), with an acrylic 
coating on the underside and a scotch-guard 
type finish on the top. The coating and finish 
are usually applied by the fabric supplier. 
Fabric patterns and designs can be chosen by 
the manufacturer, or the manufacturer might 
add his own patterns and designs using a 
rotary or silk screening process, especially 
for a special order of a limited number of 
umbrellas. Similarly, other fabrics besides 
nylon might be used according to need or 
taste; a patio umbrella attached to an outdoor 
table does not have to be lightweight and 
waterproof as much as a customer might 
want it to be large, durable, and attractive. 

6 The tip of the umbrella that passes 
through the canopy can be covered with 
metal (a ferrule) that has been forced over 
and perhaps glued to the tip, or left bare, 
depending on the desire of the manufacturer. 
The handle is connected to the shaft at the 
end of the process, and can be wood, plastic, 
metal, or any combination of desired ingredi¬ 
ents. Though handles can be screwed on, bet¬ 


ter-quality umbrellas use glue to secure the 
handle more tightly. 

7 The end tips of the umbrella, where the 
ribs reach past the canopy, can be left 
bare or covered with small plastic or wood 
end caps that are either pushed or screwed 
on, or glued, and then sewn to the ends of the 
ribs through small holes in the end caps. 

8 Finally, the umbrella is packaged accord¬ 
ingly and sent to customers. 

Where To Learn More 

Books 

Crawford, T. S. A History Of The Umbrella. 
Taplinger Publishing, 1970. 

Stacey, Brenda. The Ups and Downs of 
Umbrellas. Alan Sutton Publishing, 1991. 

Periodicals 

“How to Choose a Good Umbrella,” Con¬ 
sumer Reports. September, 1991, pp. 619-23. 

“Nylon Ribs Toughen Umbrella Frame,” 
Design News. June 16, 1986, p. 49. 

Jones, Arthur. “Personal Affairs—Sticks of 
Distinction,” Forbes. February 24, 1986, pp. 
116-18. 

Sedgwick, John. “Let It Pour: Getting a 
Handle on the Best Umbrella,” Gentlemen’s 
Quarterly. March, 1992, p. 51. 

Shenker, Israel. “Yoicks! Yoicks! And 
Brolly Ho! Rah for the Parapluie!” 
Smithsonian. November, 1989, p. 130. 

—Lawrence H. Berlow 
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Background 

Mechanical washing machines appeared in 
the early 1800s, although they were all hand- 
powered. Early models cleaned clothes by 
rubbing them, while later models cleaned 
clothes by moving them through water. 
Steam-powered commercial washers 
appeared in the 1850s, but home washing 
machines remained entirely hand-powered 
until the early 1900s, when several compa¬ 
nies started making electric machines. The 
Automatic Electric Washer Company and 
Hurley Machine Corporation both began 
selling electric washers in 1907, while 
Maytag offered an electric wringer washer in 
1911. In 1947, Bendix offered the first fully 
automatic washing machine, and by 1953 
spin-dry machines overtook the wringer 
types in popularity. 

The last wringer washer manufactured in the 
United States was made in June of 1990 at 
Speed Queen’s plant in Ripon, Wisconsin. 
The major U.S. manufacturers today are 
General Electric, Maytag (Montgomery 
Ward), Speed Queen (Amana and Mont¬ 
gomery Ward), Whirlpool (Kenmore), and 
White Consolidated (Frigidaire and 
Westinghouse). 

Many models with many varying features are 
now available; however, with a few excep¬ 
tions, only the controls are different. The 
only difference between the washer in your 
home and the top-load washers in the laun¬ 
dromat is the ruggedness of construction. 

The washing machine operates by a motor, 
which is connected to the agitator through a 
unit called a transmission. The motor and 
transmission are near the bottom of the 


machine, while the agitator extends up 
through the middle of the machine. The 
transmission is similar to the transmission in 
your automobile in that it changes the speed 
and direction of the agitator. In one direction 
(agitate), the transmission changes the rota¬ 
tion of the agitator and spin tub—the inside 
tub with small holes in it—into a back-and- 
forth motion. When the motor is reversed by 
the controls (spin), the transmission locks up 
and the agitator, transmission, and spin tub 
all rotate as a unit. Without the transmission 
changing the speed or direction, the unit uses 
centrifugal force to remove as much water 
from the clothes as possible. The motor is 
also connected to a pump. When the motor is 
moving in the spin direction, the pump 
removes the water from the tub and discards 
it through the drain pipe. 

Models designed for use in other countries 
offer different features. One component 
required on all models sold in England (and 
possibly soon in the rest of Europe) is called 
the lid lock. Normally when the lid is raised 
the washer must stop for safety reasons. 
However, in England, when the washer is 
operating the lid must be locked closed. 

Raw Materials 

Many parts of a washing machine are manu¬ 
factured from sheet steel, usually coated with 
zinc to improve rust resistance. The steel 
manufacturer supplies the metal in a coil, 
which allows the material to be cut to size 
with minimum waste or automatically fed 
into the forming process. On some models 
made by Speed Queen, the spin tub is made 
of stainless steel. All other models use a 
steel (called enameling iron) designed for a 
porcelain coating. For the wash tub, which 


Early washing machines 
cleaned clothes by 
rubbing them, while later 
models cleaned clothes by 
moving them through 
water. Steam-powered 
commercial washers 
appeared in the 1850s, 
but home washing 
machines remained 
entirely hand-powered 
until the early 1900s, 
when several companies 
started making electric 
machines. 
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Most sheet metal parts, including 
the body, are formed by a machine 
that presses a piece of sheet metal 
between two halves of a mold (die). 
Because metal in parts shaped by 
only one die tends to wrinkle, crack, 
or tear, multiple dies are generally 
used to form each component. 

The tub sub-assembly is manufac¬ 
tured automatically. After being 
rolled into a drum shape, the side is 
welded. The weld is then smoothed 
out and the drum is placed on an 
expander, which stretches the tub 
into its final shape. A bottom is then 
welded onto the drum, and this 
weld is also smoothed. 


FABRICATION 




SUB-ASSEMBLY 



4 

ASSEMBLY 


isn’t visible unless you open the machine 
cabinet, enameling iron with a porcelain 
coating is generally used. Whirlpool is the 
exception, using plastic instead of enameling 
iron for the outer wash tub. 

Many other parts are plastic as well. Manu¬ 
facturers receive raw plastic from which they 
fabricate parts in pieces about the size of a 
small ant, using them for machine compo¬ 
nents that do not bear weight and/or require 
extremely good rust resistance. Such parts 
include the pump, the tub guards (which pre¬ 
vent your clothes from being thrown out of 
the spin tub into the wash tub or the cabinet 
area), and the agitator. 

The transmission is generally made from cast 
aluminum, which arrives from the manufac¬ 
turer in ingots—20 pound slabs of alu¬ 
minum. Scrap parts are usually remelted and 
reused. Hoses, controls (timers, switches, 
etc.), and motors are purchased in prefabri¬ 
cated form from other manufacturers. 

The Manufacturing 
Process 

The manufacturing process is split into fabri¬ 
cation (making parts), sub-assembly (putting 
parts together to make components), and 
assembly (putting the components together 
to form the final product). The fabrication 
process comprises several different proce¬ 
dures, each specific to a particular type of 
raw material—sheet metal, plastic, or alu¬ 
minum. Once the constituent parts have been 
made, they are assembled; major sub-assem¬ 
blies, or components, include the transmis¬ 


sion, the pump, the spin and wash tubs, the 
balance ring, and the painted parts. Finally, 
the sub-assemblies are put together inside the 
shell of the washer, which is then complete. 

Fabrication 

I Most sheet metal parts are formed by a 
machine called a press. This name is quite 
descriptive, as the machine actually presses 
(or squeezes) a piece of sheet metal between 
two halves of a mold called a die. The metal 
will take the form of the space between the 
halves of the die. Because metal in parts 
shaped by only one die tends to wrinkle, 
crack, or tear, multiple dies are generally 
used to form each component. Where possi¬ 
ble, the metal is fed directly from a coil into 
the press. When this is not possible, the metal 
is cut to length and manually (or, with larger 
parts like the cabinet, automatically) placed 
into the die. 

2 Plastic parts are formed in an injection 
molding machine, a metal mold with one 
or more cavities in the shape of the desired 
part. After being heated to its melting point, 
the plastic is forced into the mold under high 
pressure. Next, water is passed through the 
mold to cool and solidify the part. The mold 
is then opened and the part pushed out by 
ejector pins. When you look at a plastic part, 
you often can see small circles created by 
these pins. 

3 Aluminum transmission parts are formed 
into a rough shape in a die cast machine, 
which works much like an injection mold 
except that it does not use pressure. The 
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Most of the key components—trans¬ 
mission, motor, brake assembly— 
are housed below the agitator. The 
balance ring is a weighted ring that 
keeps the washer from moving 
around during operation. 


molten metal is mechanically ladled into the 
mold and cooled. The ensuing rough casting 
is then given its final shape by various 
machines which drill holes, shave excess 
metal off critical surfaces, or cut metal away 
from the part. 

Sub-assemblies 

4 The transmission is assembled manually 
by workers who bolt, snap, or press (tight 
fit) several shafts and gears together. 
Workers then add a metered amount of oil 
and bolt the unit together. 

The pump is assembled automatically. 
Robots place the impeller and seals in the 
cover and body, and seal the pump. Some 


manufacturers use heat and others vibration 
(which generates heat) as a sealant. 

6 The tub parts are made in presses, and the 
sub-assembly is manufactured automati¬ 
cally. After being rolled into a drum shape, 
the side is welded. The weld is then 
smoothed out and the drum is placed on a 
unit called an expander, which stretches the 
tub into its final shape. A bottom is then 
welded onto the drum, and this weld is also 
smoothed. If the tub is stainless steel it is pol¬ 
ished so it won’t snag the clothes. Otherwise 
the tub is dipped in a solution called a ground 
coat and heated to about 1600 degrees until 
this coating hardens. If the tub will not be 
visible (the wash tub), the unit is done. If the 
tub will be visible (the spin tub), a finish coat 
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is applied following the same procedure used 
with the ground coat; this final coat gives the 
tub either a white or blue color. 

7 The balance ring is a large weight that 
stabilizes the washer. Its outside struc¬ 
ture is plastic, with a ring of metal melted 
into the plastic for strength. Cement is added 
and balanced precisely. This ring, which 
weighs more than twenty pounds, keeps the 
machine from “walking,” or moving about, 
when it is in use. 

8 Washing machine manufacturers use any 
one of several painting processes. One 
manufacturer uses steel that has been pre¬ 
painted by the steel manufacturer. Although 
cheaper, this type of steel does not offer the 
best rust protection because the cut edges are 
not painted. Other companies treat their 
parts with various chemicals to clean and 
ready them before applying paint. In some 
cases, the paint comes in a powder with a 
flour-like consistency. Mixed with air and 
given an electrical charge, the powder is 
sprayed on the part, which is hung from an 
overhead conveyor and given an opposite 
charge so that it and the powder will attract 
one another. After spraying, the conveyor 
moves the part into an oven that melts the 
paint; when the part cools, the paint process 
is completed. 

Assembly 

9 This process begins with mounting the 
transmission on the balance ring. The 
transmission is set on a bearing that is bolted 
on the wash tub; the wash tub is sitting on a 
conveyor. Another bearing (the lower bear¬ 
ing), the brake assembly, and the drive pulley 
are put on the end of the transmission. Next, 
a pivoting mechanism called the pivot dome 
and legs are bolted on the assembly to hold 
all the pieces together. 

Using a hydraulically operated mecha¬ 
nism, workers then lift this assembly, 
called the module, onto the washer base. 
Springs are added to hold module and base 
together. A seal is added, the spin tub is 
bolted to the transmission inside of the wash 
tub, and its plastic covers are snapped into 
place. A plastic hub, which attaches the agi¬ 
tator to the transmission, is bolted onto the 
output end of the transmission shaft. Then 
the agitator is snapped onto the hub. 


The pump and a mounting bracket are 
now bolted onto the motor, which is 
then fitted with a shield to protect against 
potential leaks. This assembly is bolted to 
the base of the washing machine and con¬ 
nected to the transmission module with a belt 
and hoses. 

Next, the lid hinges are attached to the 
lid and the top. The top of the washer 
is bolted to the cabinet with a hinge for easy 
maintenance. A mixing valve to control the 
mixture of hot and cold is bolted to the back 
of the cabinet. The graphics panel, which 
provides words and pictures to explain the 
controls, is mounted on the control panel; the 
controls themselves are attached from the 
back. The wiring, connected as one unit, is 
called a harness. The harness is clipped to 
the control connectors at one end, and the 
other end is passed through a hole in the top 
to be mounted to the motor. Because of its 
large size and weight, the cabinet assembly is 
then placed in the washer by a robot. 

The cabinet is bolted to the base, and 
the controls are snapped together with 
the mating connectors on the module and 
motor. The drain hose is pulled through the 
cabinet and a part called the gooseneck is 
added. This part is what gives the hose its 
hook shape so that it will fasten into the 
drain. After being tested, the front panel is 
bolted on, and a packet of information and 
accessories is added. 

U The finished unit is crated automati¬ 
cally. A machine opens the cardboard 
box, which was flat for shipment, and drops 
it over the washer. The top and bottom flaps 
are simultaneously folded over and glued. 
Then the machine applies pressure on the top 
and bottom of the crate to make sure the glue 
sets properly. After the glue has set, the 
machine puts a banding strap around the top 
of the crate to add strength for lift truck 
transportation (the units are carried from the 
top to reduce the risk of damage). 

Quality Control 

All parts purchased from outside manufac¬ 
turers are spot checked before use, and most 
sub-assemblies are checked as well. For 
instance, all transmissions are automatically 
tested for operation, noise, and vibration. All 
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pumps are leak-tested using air, automati¬ 
cally if their assembly was automated and 
manually if it was manual. All painted parts 
are visually inspected for defects. Daily sam¬ 
ples are put in detergent, bleach, and steam 
baths for corrosion testing. Once it has been 
completely assembled, the machine is filled 
with water and tested for noise, vibration, 
and visual defects, as well as properly func¬ 
tional controls and mechanisms. After pack¬ 
aging, some units are put through severe tests 
to simulate the transportation conditions to 
test the cartoning process. 

Byproducts/Waste 

Leftover scraps of sheet metal are sold to 
metal recycling centers, and leftover alu¬ 
minum is remelted for use. The leftover plas¬ 
tic is ground into small chunks and reused on 
non-visible parts because the color cannot be 
kept consistent. The unused paint (in powder 
form) is reclaimed and reused automatically. 
The chemicals from processes such as paint 
are reacted into forms of harmless waste and 
disposed of safely. 

The Future 

As motors become less expensive and more 
durable, it will become economical to offer 
washing machines driven directly by motors 
instead of by belts, making the washers more 
versatile and less noisy. Another likely trend 
will be the gradual displacement of top-load 
washers by front-load washers, which, 
because they require less water, satisfy gov¬ 
ernment restrictions on water use. In Japan, a 
washer is being tested that cleans with bub¬ 
bles rather than with an agitator. Using a 
computer, this machine “senses” how soiled 
each load of clothing is and then generates 
the bubble activity necessary to remove that 
amount of dirt. This is called “fuzzy logic” 
because it imitates human logic more closely 
than normal computers. If successful, these 
machines will become available elsewhere. 
Further in the future people may use washers 
that clean using ultrasonics—sound waves 
that, vibrating at frequencies of more than 



20,000 cycles per second, cannot be distin¬ 
guished by the human ear. 

Where To Learn More 

Books 

Woolridge, Woody. Repair Master for 
Frigidaire Automatic Washers: Unimatic & 
Pulsamatic Design. Longhurst, Rey, 1990. 

—. Repair Master for Maytag Automatic 
Washers: All Models. Longhurst, Rey, 1990. 

Periodicals 

“To Be Fuzzy, or Not To Be Fuzzy.” App¬ 
liance Manufacturer. February, 1993, pp. 
31-32. 

“Whirlpool Goes Off on a World Tour.” 
Business Week. June 3, 1991, pp. 98-100. 

“The Future Looks ‘Fuzzy.’” Newsweek, May 
28,1990, pp. 46-47. 

Stafanides, E. J. “Frictional Damping 
Smooths Automatic Washer Spin Cycles,” 
Design News. February 15, 1988. 

—Barry M. Marton 


Although at present most home 
washing machines in the United 
States are top-loading, these will 
likely be gradually displaced by 
front-load washers. Because they 
require less water, front-load wash¬ 
ers satisfy government restrictions 
on water use. Also, in Japan a 
washer is being tested that cleans 
with bubbles rather than with an 
agitator. Using a computer, this 
machine "senses" how soiled each 
load of clothing is and then gener¬ 
ates the bubble activity necessary to 
remove that amount of dirt. 
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Quartz watches make use 
of piezoelectricity, which 
is the current that flows 
from or through a piece of 
quartz when the quartz is 
put under electrical 
and/or mechanical 
pressure. A quartz watch 
uses the electricity from a 
piece of quartz subjected 
to the electricity from a 
battery to send a regular, 
countable series of signals 
to one or more microchips. 


Background 

The oldest means of determining time is by 
observing the location of the sun in the sky. 
When the sun is directly overhead, the time is 
roughly 12:00 noon. A slightly later develop¬ 
ment, and one less subject to an individual’s 
judgment, is the use of a sundial. During the 
daylight hours, sunlight falls on a vertical 
pole placed at the center of a calibrated dial, 
thus casting a shadow on the dial and provid¬ 
ing the reader with a relatively accurate time 
reading. 

The invention of the mechanical clock in the 
fourteenth century was a major advance¬ 
ment—it provided a more concise and con¬ 
sistent method of measuring time. The 
mechanical clock includes a complicated 
series of wheels, gears, and levers powered 
by a falling weights and with a pendulum (or 
later a wound-up spring). These pieces 
together moved the hand or hands on a dial to 
show the time. The addition of chimes or 
gongs on the hour, half hour, and quarter 
hour followed soon afterward. By the eigh¬ 
teenth century, smaller clocks for the home 
were available, and, unlike their predeces¬ 
sors, were closed and sealed in a case. 

The more exacting the workmanship of the 
moving parts, the more accurate the clock 
was. From invention through to the middle of 
the twentieth century, developments in clock¬ 
making focused on making the moving parts 
work as accurately as possible. Developments 
in metal technology and in miniaturization, 
the lubrication of small parts, and the use of 
first, natural sapphires (and then artificial sap¬ 
phires) at the spots that received the most 
stress (the jeweled movement) all became 
integral components of horological science. 


Small pocket watches, perhaps two to three 
inches (five to seven centimeters) in diame¬ 
ter, were available by the end of the nine¬ 
teenth century. Mechanical wristwatches 
were an everyday item in the United States by 
the 1960s. And yet, the central problem faced 
by watch and clockmakers remained the 
same: mechanical parts wear down, become 
inaccurate, and break. 

In the years immediately following World 
War II, interest in atomic physics led to the 
development of the atomic clock. Radioactive 
materials emit particles (decayed) at a known, 
steady rate. The parts of a mechanical clock 
that ratcheted to keep the time could be 
replaced by a device that stimulated the watch 
movement each time a particle was emitted 
by the radioactive element. Atomic clocks, 
incidentally, are still made and sold, and they 
are found to be consistently accurate. 

With the development of the microchip in the 
1970s and 1980s, a new type of watch was 
invented. Wristwatches that mixed microchip 
technology with quartz crystals became the 
standard; there are few non-quartz wrist¬ 
watches made today. The microchip is uti¬ 
lized to send signals to the dial of the watch 
on a continual basis. Because it is not a 
mechanical device with moving parts, it does 
not wear out. 

The use of quartz in watches makes use of a 
long-known type of electricity known as 
piezoelectricity. Piezoelectricity is the current 
which flows from or through a piece of quartz 
when the quartz is put under electrical and/or 
mechanical pressure (piezo is from the Greek 
verb meaning “to press”). A quartz watch 
uses the electricity from a piece of quartz sub¬ 
jected to the electricity from a battery to send 
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a regular, countable series of signals (oscilla¬ 
tions) to one or more microchips. (Electrical 
wall clocks, in contrast, use the regularity of 
wall current to keep track of time.) 

The most accurate quartz watches are those 
in which the time appears in an electronically 
controlled digital display, produced via a 
light-emitting diode (LED) or a liquid 
crystal display (LCD). It is possible, of 
course, to have the microprocessor send its 
signals to mechanical devices that make 
hands move on the watch face, creating an 
analog display. But because the hands are 
mechanically operated through a portion of 
the watch known as a gear train, analogue 
watches usually are not as accurate as digi¬ 
tals and are subject to wear. Both types of 
watches achieve tremendous accuracy, with 
digital watches commonly being accurate to 
within three seconds per month. 

Raw Materials 

Electronic watches make use of many of the 
most modem materials available, including 
plastics and alloy metals. Cases can be made 
of either plastic or metal; watches with metal 
cases often include a stainless steel backing. 
Microchips are typically made of silicon, 
while LEDs are usually made of gallium 
arsenide, gallium phosphide, or gallium 


arsenide phosphide. LCDs consist of liquid 
crystals sandwiched between glass pieces. 
Electrical contacts between parts are usually 
made of a small amount of gold (or are gold- 
plated); gold is an almost ideal electrical con¬ 
ductor and can be used successfully in very 
small amounts. 

The Manufacturing 
Process 

This section will focus on quartz digital 
watches with LED displays. Although the 
assembly of such watches must be performed 
carefully and methodically, the most essen¬ 
tial aspects of the manufacturing process are 
in the manufacture of the components. 

Quartz 

I The heart of a quartz watch is a tiny sliver 
of quartz. The synthetically produced 
quartz is cut by the manufacturer with a dia¬ 
mond saw and shipped to the watchmaker to 
use. The production of “grown” quartz is a 
critical step in the process. 

Quartz, in a natural form, is first loaded into 
a giant kettle or autoclave (the same device 
used by doctors and dentists to sterilize 
instruments). Hanging from the top of the 
autoclave are seeds or tiny particles of quartz 


The heart of a quartz watch is a tiny 
sliver of quartz. In a natural form, 
quartz is first loaded into a giant 
kettle or autoclave. Hanging from 
the top of the autoclave are seeds or 
tiny particles of quartz with the 
desired crystalline structure. An 
alkaline material is pumped into the 
bottom of the autoclave, and the 
autoclave is heated to a high tem¬ 
perature, dissolving the quartz in 
the hot alkaline liquid, evaporating 
it, and depositing it on the seeds. 
After about 75 days, the chamber 
can be opened, and the newly 
grown quartz crystals can be 
removed and cut into the correct 
proportions. 
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In watch assembly, the entire set of 
crystal and microchips is set onto a 
circuit board. A battery is also 
installed that generates electricity 
for the quartz crystal and supplies 
the power for the LED display. 



with the desired crystalline structure. An 
alkaline material is pumped into the bottom 
of the autoclave, and the autoclave is heated 
to a temperature of roughly 750 degrees 
Fahrenheit (400 degrees Celsius). The natural 
quartz dissolves in the hot alkaline liquid, 
evaporates, and deposits itself on the seeds. 
As it deposits itself, it follows the pattern of 
the crystalline structure of the seeds. After 
about 75 days, the chamber can be opened, 
and the newly grown quartz crystals can be 
removed and cut into the correct proportions. 
Different angles and thicknesses in the cut¬ 
ting lead to predictable rates of oscillation. 
The desired rate of oscillation for quartz used 
in wristwatches is 100,000 megaHertz or 
100,000 oscillations per second. 

2 To work most effectively, the piece of 
quartz needs to be sealed in a vacuum 


chamber of one sort or another. Most com¬ 
monly, the quartz is placed into a sort of cap¬ 
sule, with wires attached to both ends so that 
the capsule can be soldered or otherwise con¬ 
nected to a circuit board. 


The microchip 

3 The electronic leads generated by a bat¬ 
tery through the quartz (producing oscil¬ 
lations) will go to a microchip that serves as 
a “frequency dividing circuit.” Microchip 
manufacture, like the quartz, is also carried 
out by the supplier to the watch manufac¬ 
turer. An extensive and complex process, 
making microchips involves chemical and/or 
x-ray etching of a microscopic electronic cir¬ 
cuit onto a tiny piece of silicon dioxide. 

4 The oscillation rate of perhaps 100,000 
vibrations/second is reduced to 1 or 60 or 
some other more manageable number of 
oscillations. The new pattern of oscillation is 
then sent to another microchip that functions 
as a “counter-decoder-driver.” This chip will 
actually count the oscillations that it 
receives. If there are sixty oscillations per 
second, the chip will change the reading on 
an LED every second. After 3,600 oscilla¬ 
tions (60 x 60), the counter will instruct the 
LED to change the reading for minutes. And, 
after 60 x 60 x 60 oscillations (216,000), the 
counter will change the hour reading. 


Assembly 

5 The entire set of crystal and microchips is 
set onto a circuit board. The board incor¬ 
porates a space to hold the battery that sup¬ 
plies electricity to the quartz crystal and 
supplies the power for the LED display. 
Generally, the space for the battery is on the 
outside of the surface facing the back of the 
case. The battery can be replaced by remov¬ 
ing the back of the watch, shaking out the old 
one, and dropping in the new battery. 

6 The mechanism used for setting the 
watch is then connected. This mechanism 
involves two pins that extend beyond the 
case of the watch. One pin lets the counter 
circuit know which reading to reset—sec¬ 
onds, minutes, or hours. The second pin is 
pushed a number of times to bring the dis¬ 
play to the desired reading. 


7 The entire circuit board, along with a bat¬ 
tery, is then closed into a case, and a wrist 
strap is attached. 
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Additional Watch Features 

Because the microchips in a quartz watch are 
capable of holding large quantities of infor¬ 
mation, it is possible, from an engineering 
standpoint, to add other functions to a watch 
without much difficulty. An additional push 
button on the case connected to the counter 
circuit can provide alarms, tide information, 
and more. The microchip can just as easily be 
programmed to set the watch forward or back 
a defined amount at the push of a button, so 
that an owner can determine the time in 
another time zone, or perhaps have two, 
three, or more time zone times displayed suc¬ 
cessively. 

Quality Control 

All components of electronic watches are 
manufactured under a strict system of quality 
control. Quartz crystals, for example, have 
their frequencies tested before being used in 
a watch. Microchips must be made in a 
“clean room” environment with specially fil¬ 
tered air, since even the tiniest dust particles 
can render a chip useless. Microchips are 
examined carefully and are also bench tested 
for accuracy before use. 

After a watch is manufactured, it is again 
tested before being shipped to market. In 
addition to its time-keeping accuracy, it is 
also subjected to a drop-test in which it must 
continue to operate properly after being 
dropped and otherwise abused; a temperature 
test; and a water test. While a watchmaker 
may, with proper testing and proof, claim that 
a watch is “water resistant” at certain, known 
specifications, it is inaccurate to say a watch 
is “waterproof’ because without particular 
specification that designation is meaningless. 

Large watch companies make all of their 
own components, ensuring that product qual¬ 
ity standards are in place at the earliest point 
in the manufacturing process. 

The Future 

Because today’s electronic watches are by 
design so accurate, accuracy is not the only 


goal for which a watch manufacturer aims. 
Future changes in product will take advan¬ 
tage of other technologies from other fields 
such as the addition of a calculator function 
to a watch, or even the addition of a radio¬ 
transmitter that can send out a traceable sig¬ 
nal if the wearer is lost or in trouble. 

Where To Learn More 

Books 

Billings, Charlene W. Microchip: Small 
Wonder. Dodd, Mead & Company, 1984. 

Carpenter, Alice B. Questions and Answers 
in Quartz. Watch Repairing. American 
Watchmakers Institute, 1989. 

Ford, Roger, and Oliver Strimpel. Computers: 
An Introduction. Facts On File, 1985. 

Periodicals 

Becker, Dan. “Crystal Oscillators,” 
Electronics Now. January, 1993, pp. 45-54. 

Beller, Miles. “Consumer Comer: The Ultra¬ 
watches,” Los Angeles. September, 1986, p. 
14. 

“A Good Watch Is More Than Just a Pretty 
Face,” Changing Times. March, 1981, pp. 
72-74. 

Hathaway, Bruce. “Circuitry Wizards and 
New Agers Alike Can Get Good Vibes from 
Quartz,” Smithsonian. November, 1988, p. 
83. 

“Kit Report: Clock Module,” Radio- 
Electronics. November, 1987, pp. 122-123. 

Schmidt, Leon W. “Build The Hyper Clock,” 
Radio-Electronics. February, 1992, pp. 33- 
41. 

Wassef, Ayyam. “Quartz Time,” The Unesco 
Courier. April, 1991, pp. 33-36. 

—Lawrence H. Berlow 
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The first large-scale wind 
turbine built in the United 
States was completed by 
Palmer Cosslett Putnam in 
1941. The machine was 
huge. The tower was 36.6 
yards high, and its two 
stainless steel blades had 
diameters of 58 yards. 
Putnam's wind turbine 
could produce 1,250 
kilowatts of electricity, or 
enough to meet the needs 
of a small town. 


Background 

A wind turbine is a machine that converts the 
wind’s kinetic energy into rotary mechanical 
energy, which is then used to do work. In 
more advanced models, the rotational energy 
is converted into electricity, the most versa¬ 
tile form of energy, by using a generator. 

For thousands of years people have used 
windmills to pump water or grind grain. 
Even into the twentieth century tall, slender, 
multi-vaned wind turbines made entirely of 
metal were used in American homes and 
ranches to pump water into the house’s 
plumbing system or into the cattle’s watering 
trough. After World War I, work was begun 
to develop wind turbines that could produce 
electricity. Marcellus Jacobs invented a pro¬ 
totype in 1927 that could provide power for a 
radio and a few lamps but little else. When 
demand for electricity increased later, 
Jacobs’s small, inadequate wind turbines fell 
out of use. 

The first large-scale wind turbine built in the 
United States was conceived by Palmer 
Cosslett Putnam in 1934; he completed it in 
1941. The machine was huge. The tower 
was 36.6 yards (33.5 meters) high, and its 
two stainless steel blades had diameters of 
58 yards (53 meters). Putnam’s wind turbine 
could produce 1,250 kilowatts of electricity, 
or enough to meet the needs of a small town. 
It was, however, abandoned in 1945 because 
of mechanical failure. 

With the 1970s oil embargo, the United 
States began once more to consider the feasi¬ 
bility of producing cheap electricity from 
wind turbines. In 1975 the prototype Mod-0 
was in operation. This was a 100 kilowatt 


turbine with two 21-yard (19-meter) blades. 
More prototypes followed (Mod-OA, Mod-1, 
Mod-2, etc.), each larger and more powerful 
than the one before. Currently, the United 
States Department of Energy is aiming to go 
beyond 3,200 kilowatts per machine. 

Many different models of wind turbines 
exist, the most striking being the vertical- 
axis Darrieus, which is shaped like an egg 
beater. The model most supported by com¬ 
mercial manufacturers, however, is a hori¬ 
zontal-axis turbine, with a capacity of around 
100 kilowatts and three blades not more than 
33 yards (30 meters) in length. Wind turbines 
with three blades spin more smoothly and are 
easier to balance than those with two blades. 
Also, while larger wind turbines produce 
more energy, the smaller models are less 
likely to undergo major mechanical failure, 
and thus are more economical to maintain. 

Wind farms have sprung up all over the 
United States, most notably in California. 
Wind farms are huge arrays of wind turbines 
set in areas of favorable wind production. 
The great number of interconnected wind 
turbines is necessary in order to produce 
enough electricity to meet the needs of a siz¬ 
able population. Currently, 17,000 wind tur¬ 
bines on wind farms owned by several wind 
energy companies produce 3.7 billion kilo¬ 
watt-hours of electricity annually, enough to 
meet the energy needs of 500,000 homes. 

Raw Materials 

A wind turbine consists of three basic parts: 
the tower, the nacelle, and the rotor blades. 
The tower is either a steel lattice tower simi¬ 
lar to electrical towers or a steel tubular 
tower with an inside ladder to the nacelle. 
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Most towers do not have guys, which are 
cables used for support, and most are made 
of steel that has been coated with a zinc alloy 
for protection, though some are painted 
instead. The tower of a typical American- 
made turbine is approximately 80 feet tall 
and weighs about 19,000 pounds. 

The nacelle is a strong, hollow shell that con¬ 
tains the inner workings of the wind turbine. 
Usually made of fiberglass, the nacelle con¬ 
tains the main drive shaft and the gearbox. It 
also contains the blade pitch control, a 
hydraulic system that controls the angle of 
the blades, and the yaw drive, which controls 
the position of the turbine relative to the 
wind. The generator and electronic controls 
are standard equipment whose main compo¬ 
nents are steel and copper. A typical nacelle 
for a current turbine weighs approximately 
22,000 pounds. 

The most diverse use of materials and the 
most experimentation with new materials 
occur with the blades. Although the most 
dominant material used for the blades in 
commercial wind turbines is fiberglass with a 
hollow core, other materials in use include 
lightweight woods and aluminum. Wooden 
blades are solid, but most blades consist of a 
skin surrounding a core that is either hollow 
or filled with a lightweight substance such as 


plastic foam or honeycomb, or balsa wood. A 
typical fiberglass blade is about 15 meters in 
length and weighs approximately 2,500 
pounds. 

Wind turbines also include a utility box, 
which converts the wind energy into electric¬ 
ity and which is located at the base of the 
tower. Various cables connect the utility box 
to the nacelle, while others connect the 
whole turbine to nearby turbines and to a 
transformer. 

The Manufacturing 
Process 

Before consideration can be given to the con¬ 
struction of individual wind turbines, manu¬ 
facturers must determine a proper area for the 
siting of wind farms. Winds must be consis¬ 
tent, and their speed must be regularly over 
15.5 miles per hour (25 kilometers per hour). 
If the winds are stronger during certain sea¬ 
sons, it is preferred that they be greatest dur¬ 
ing periods of maximum electricity use. In 
California’s Altamont Pass, for instance, site 
of the world’s largest wind farm, wind speed 
peaks in the summer when demand is high. 
In some areas of New England where wind 
farms are being considered, winds are 
strongest in the winter, when the need for 


The first step in constructing a wind 
turbine is erecting the tower. 
Although the tower's steel parts are 
manufactured off site in a factory, 
they are usually assembled on site. 
The parts are bolted together before 
erection, and the tower is kept hori¬ 
zontal until placement. A crane lifts 
the tower into position, all bolts are 
tightened, and stability is tested 
upon completion. 

Next, the fiberglass nacelle is 
installed. Its inner workings—main 
drive shaft, gearbox, and blade 
pitch and yaw controls—are assem¬ 
bled and mounted onto a base 
frame at a factory. The nacelle is 
then bolted around the equipment. 
At the site, the nacelle is lifted onto 
the completed tower and bolted into 
place. 
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The nacelle is a strong, hollow shell 
that contains the inner workings of 
the wind turbine, such as the main 
drive shaft and the gearbox. It also 
contains the blade pitch control, a 
hydraulic system that controls the 
angle of the blades, and the yaw 
drive, which controls the position of 
the turbine relative to the wind. A 
typical nacelle for a current turbine 
weighs approximately 22,000 
pounds. 



heating increases the consumption of electri¬ 
cal power. Wind farms work best in open 
areas of slightly rolling land surrounded by 
mountains. These areas are preferred because 
the wind turbines can be placed on ridges and 
remain unobstructed by trees and buildings, 
and the mountains concentrate the air flow, 
creating a natural wind tunnel of stronger, 
faster winds. Wind farms must also be placed 
near utility lines to facilitate the transfer of 
the electricity to the local power plant. 

Preparing the site 

1 Wherever a wind farm is to be built, the 
roads are cut to make way for transporting 
parts. At each wind turbine location, the land 
is graded and the pad area is leveled. A con¬ 
crete foundation is then laid into the ground, 
followed by the installation of the under¬ 
ground cables. These cables connect the 
wind turbines to each other in series, and also 
connect all of them to the remote control cen¬ 


ter, where the wind farm is monitored and the 
electricity is sent to the power company. 

Erecting the tower 

2 Although the tower’s steel parts are man¬ 
ufactured off site in a factory, they are 
usually assembled on site. The parts are 
bolted together before erection, and the 
tower is kept horizontal until placement. A 
crane lifts the tower into position, all bolts 
are tightened, and stability is tested upon 
completion. 

Nacelle 

3 The fiberglass nacelle, like the tower, is 
manufactured off site in a factory. Unlike 
the tower, however, it is also put together in 
the factory. Its inner workings—main drive 
shaft, gearbox, and blade pitch and yaw con¬ 
trols—are assembled and then mounted onto 
a base frame. The nacelle is then bolted 
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The utility box for each wind turbine 
and the electrical communication 
system for the wind farm is installed 
simultaneously with the placement 
of the nacelle and blades. Cables 
run from the nacelle to the utility 
box and from the utility box to the 
remote control center. 


around the equipment. At the site, the nacelle 
is lifted onto the completed tower and bolted 
into place. 

Rotary blades 

Aluminum blades are created by bolting 
sheets of aluminum together, while 
wooden blades are carved to form an aerody¬ 
namic propeller similar in cross-section to an 
airplane wing. 

By far the greatest number of blades, 
however, are formed from fiberglass. The 
manufacture of fiberglass is a painstaking 


operation. First, a mold that is in two halves 
like a clam shell, yet shaped like a blade, is 
prepared. Next, a fiberglass-resin composite 
mixture is applied to the inner surfaces of the 
mold, which is then closed. The fiberglass 
mixture must then dry for several hours; 
while it does, an air-filled bladder within the 
mold helps the blade keep its shape. After the 
fiberglass is dry, the mold is then opened and 
the bladder is removed. Final preparation of 
the blade involves cleaning, sanding, sealing 
the two halves, and painting. 

6 The blades are usually bolted onto the 
nacelle after it has been placed onto the 
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tower. Because assembly is easier to accom¬ 
plish on the ground, occasionally a three¬ 
pronged blade has two blades bolted onto the 
nacelle before it is lifted, and the third blade 
is bolted on after the nacelle is in place. 

Installation of control systems 

7 The utility box for each wind turbine and 
the electrical communication system for 
the wind farm is installed simultaneously 
with the placement of the nacelle and blades. 
Cables run from the nacelle to the utility box 
and from the utility box to the remote control 
center. 

Quality Control 

Unlike most manufacturing processes, pro¬ 
duction of wind turbines involves very little 
concern with quality control. Because mass 
production of wind turbines is fairly new, no 
standards have been set. Efforts are now 
being made in this area on the part of both 
the government and manufacturers. 

While wind turbines on duty are counted on 
to work 90 percent of the time, many struc¬ 
tural flaws are still encountered, particularly 
with the blades. Cracks sometimes appear 
soon after manufacture. Mechanical failure 
because of alignment and assembly errors is 
common. Electrical sensors frequently fail 
because of power surges. Non-hydraulic 
brakes tend to be reliable, but hydraulic brak¬ 
ing systems often cause problems. Plans are 
being developed to use existing technology 
to solve these difficulties. 

Wind turbines do have regular maintenance 
schedules in order to minimize failure. 
Every three months they undergo inspection, 
and every six months a major maintenance 
checkup is scheduled. This usually involves 
lubricating the moving parts and checking 
the oil level in the gearbox. It is also possible 
for a worker to test the electrical system on 
site and note any problems with the generator 
or hookups. 

Environmental Benefits 
and Drawbacks 

A wind turbine that produces electricity from 
inexhaustible winds creates no pollution. By 
comparison, coal, oil, and natural gas pro¬ 


duce one to two pounds of carbon dioxide 
(an emission that contributes to the green¬ 
house effect and global warming) per kilo¬ 
watt-hour produced. When wind energy is 
used for electrical needs, dependence on fos¬ 
sil fuels for this purpose is reduced. The cur¬ 
rent annual production of electricity by wind 
turbines (3.7 billion kilowatt-hours) is equiv¬ 
alent to four million barrels of oil or one mil¬ 
lion tons of coal. 

Wind turbines are not completely free of 
environmental drawbacks. Many people con¬ 
sider them to be unaesthetic, especially when 
huge wind farms are built near pristine 
wilderness areas. Bird kills have been docu¬ 
mented, and the whirring blades do produce 
quite a bit of noise. Efforts to reduce these 
effects include selecting sites that do not 
coincide with wilderness areas or bird migra¬ 
tion routes and researching ways to reduce 
noise. 

The Future 

The future can only get better for wind tur¬ 
bines. The potential for wind energy is largely 
untapped. The United States Department of 
Energy estimates that ten times the amount of 
electricity currently being produced can be 
achieved by 1995. By 2005, seventy times 
current production is possible. If this is 
accomplished, wind turbines would account 
for 10 percent of the United States’ electricity 
production. 

Research is now being done to increase the 
knowledge of wind resources. This involves 
the testing of more and more areas for the pos¬ 
sibility of placing wind farms where the wind 
is reliable and strong. Plans are in effect to 
increase the life span of the machine from five 
years to 20 to 30 years, improve the efficiency 
of the blades, provide better controls, develop 
drive trains that last longer, and allow for bet¬ 
ter surge protection and grounding. The 
United States Department of Energy has 
recently set up a schedule to implement the 
latest research in order to build wind turbines 
with a higher efficiency rating than is now 
possible. (The efficiency of an ideal wind tur¬ 
bine is 59.3 percent. That is, 59.3 percent of 
the wind’s energy can be captured. Turbines 
in actual use are about 30 percent efficient.) 
The United States Department of Energy has 
also contracted with three corporations to 
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research ways to reduce mechanical failure. 
This project began in the spring of 1992 and 
will extend to the end of the century. 

Wind turbines will become more prevalent in 
upcoming years. The largest manufacturer of 
wind turbines in the world, U.S. Windpower, 
plans to expand from 420 megawatt capacity 
(4,200 machines) to 800 megawatts (8,000 
machines) by 1995. They plan to have 2,000 
megawatts (20,000 machines) by the year 
2000. Other wind turbine manufacturers also 
plan to increase the numbers produced. 
International committees composed of sev¬ 
eral industrialized nations have formed to dis¬ 
cuss the potential of wind turbines. Efforts 
are also being made to provide developing 
countries with small wind turbines similar to 
those Marcellus Jacobs built in the 1920s. 
Denmark, which already produces 70 percent 
to 80 percent of Europe’s wind power, is 
developing plans to expand manufacture of 
wind turbines. The turn of the century should 
see wind turbines that are properly placed, 
efficient, durable, and numerous. 
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Wine 


The name of a wine 
almosi invariably is 
derived from one of three 
sources: the name of the 
principal grape from 
which it was made, the 
geographical area from 
which it comes, or—in the 
case of the traditionally 
finest wines—from a 
particular vineyard or 
parcel of soil. 


Background 

Wine is an alcoholic beverage produced 
through the partial or total fermentation of 
grapes. Other fruits and plants, such as 
berries, apples, cherries, dandelions, elder¬ 
berries, palm, and rice can also be fermented. 

Grapes belong to the botanical family 
vitaceae, of which there are many species. 
The species that are most widely used in wine 
production are Vitis labrusca and, especially, 
Vitis vinifera, which has long been the most 
widely used wine grape throughout the world. 

The theory that wine was discovered by acci¬ 
dent is most likely correct because wine 
grapes contain all the necessary ingredients 
for wine, including pulp, juice, and seeds that 
possess all the acids, sugars, tannins, miner¬ 
als, and vitamins that are found in wine. As a 
natural process, the frosty-looking skin of the 
grape, called “bloom,” catches the airborne 
yeast and enzymes that ferment the juice of 
the grape into wine. 

The cultivation of wine grapes for the pro¬ 
duction of wine is called “viticulture.” 
Harvested during the fall, wine grapes may 
range in color from pale yellow to hearty 
green to ruby red. 

Wine can be made in the home and in small-, 
medium- or large-sized wineries by using 
similar methods. Wine is made in a variety of 
flavors, with varying degrees of sweetness or 
dryness as well as alcoholic strength and 
quality. Generally, the strength, color, and 
flavor of the wine are controlled during the 
fermentation process. 

Wine is characterized by color: white, pink 
or rose, and red, and it can range in alcohol 
content from 10 percent to 14 percent. Wine 


types can be divided into four broad cate¬ 
gories: table wines, sparkling wines, fortified 
wines, and aromatic wines. Table wines 
include a range of red, white, and rose wines; 
sparkling wines include champagne and 
other “bubbly” wines; aromatic wines con¬ 
tain fruits, plants, and flowers; and fortified 
wines are table wines with brandy or other 
alcohol added. 

The name of a wine almost invariably is 
derived from one of three sources: the name 
of the principal grape from which it was 
made, the geographical area from which it 
comes, or—in the case of the traditionally 
finest wines—from a particular vineyard or 
parcel of soil. The year in which a wine is 
made is only printed on bottles that have 
aged for two or more years; those aged less 
are not considered worthy of a date. Wine 
years are known as “vintages” or “vintage 
years.” While certain wines are considered 
good or bad depending on the year they were 
produced, this can vary by locality. 

In general, red wines are supposed to age 
from seven to ten years before being sold. 
Because white and rose wines are not 
enhanced by additional ageing, they are usu¬ 
ally aged from only one to four years before 
being sold. And, since the quality of wine 
can depend on proper ageing, older wines are 
generally more expensive than younger ones. 
Other factors, however, can affect the quality 
of wine, and proper ageing does not always 
ensure quality. Other factors affecting qual¬ 
ity include the grapes themselves, when the 
grapes are picked, proper care of the grapes, 
the fermentation process, as well as other 
aspects of wine production. 

Most wineries bottle wine in different size 
bottles and have different product and 
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graphic designs on their labels. The most 
common bottle sizes are the half bottle, the 
imperial pint, the standard bottle, and the gal¬ 
lon bottle or jug. Most red and rose wine bot¬ 
tles are colored to keep light from ageing the 
wine further after they are on the market. 

While viticulture has remained much the 
same for centuries, new technology has 
helped increase the output and variety of 
wine. 

History 

Well documented in numerous Biblical refer¬ 
ences, evidence of wine can be traced back to 
Egypt as far as 5,000 B.c. Tomb wall paint¬ 
ings showing the use of wine as well as 
actual wine jars found in Egyptian tombs 
provide evidence of this fact. Because more 
northern climates and soil produce better 
wine, the growth of the wine industry can be 
traced from its emergence along the Nile 
River in Egypt and Persia northward into 
Europe and, eventually, to North America. 

Though the wines of old were coarse and 
hard and had to be mixed with water, ancient 
Greek wine proved to be somewhat better 
than Egyptian wine. For this reason, 
Egyptians began importing it. Then Roman 
wines (from what would emerge to be Italy, 


Spain, and France) became notably superior. 
Eventually, French and German wines grew 
to be the most desirable, thereby shifting the 
center of wine production from the Mediter¬ 
ranean to central Europe. Some of the best 
wine in the world is still produced in south¬ 
ern France, particularly in the Bordeaux 
region, where wine has been made for more 
than 2,000 years. 

The colonists brought wine production to the 
east coast of the New World by the mid- 
1600s. The earliest account of wine used in 
the New World may be when the Pilgrims 
fermented grapes to celebrate their first 
Thanksgiving in 1623. Settlers tried to grow 
imported grape cuttings they brought from 
Europe, but unfortunately the European cut¬ 
tings had not developed immunities to the 
North American plant diseases that eventu¬ 
ally killed them. By the middle of the nine¬ 
teenth century (using the fruits of the 
abundant native Vitis labrusca grape plants) 
wineries were established in Pennsylvania, 
Virginia, Ohio, Indiana, Alabama, 
Mississippi, and North Carolina. 

In 1697, European cuttings of Vitis vinifera 
grapes were successfully introduced to 
California by Franciscan priests at the 
Mission San Francisco Xavier. They soon 
became the dominant grape species in 


Vineyardists inspect sample clusters 
of wine grapes with a relractometer 
to determine if the grapes are ready 
to be picked. The refractometer is a 
small, hand-held device that allows 
the vineyardist to accurately check 
the amount of sugar in the grapes. If 
the grapes are ready for picking, a 
mechanical harvester gathers and 
funnels the grapes into a field hop¬ 
per, or mobile storage container. 

Some mechanical harvesters have 
grape crushers mounted on the 
machinery, allowing vineyard 
workers to gather grapes and press 
them at the same time. The result is 
that vineyards can deliver newly 
crushed grapes, called must, to 
wineries, eliminating the need for 
crushing at the winery. 
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California wine making. A great boost to 
California wine making came from Colonel 
Agoston Haraszthy, a Hungarian nobleman, 
who introduced more high-quality European 
cuttings during the 1850s. His knowledge 
made him the founder of California’s modem 
wine industry. 

Today, California and New York state are by 
far the largest American producers of wine, 
and California is one of the largest wine pro¬ 
ducers in the world. Though many of its table 
wines are known for their quality, the enor¬ 
mous wineries of central and southern 
California produce gigantic quantities of 
neutral, bulk wines that they ship elsewhere 
to make specific wines, such as dessert 
wines, or to blend with other wines. They 
also make grape concentrates to fortify 
weaker wines and brandies that use large 
quantities of grapes. 

Raw Materials 

As mentioned above, the wine grape itself 
contains all the necessary ingredients for 
wine: pulp, juice, sugars, acids, tannins, and 
minerals. However, some manufacturers add 
yeast to increase strength and cane or beet 
sugar to increase alcoholic content. During 
fermentation, winemakers also usually add 
sulfur dioxide to control the growth of wild 
yeasts. 

The Manufacturing 
Process 

The process of wine production has remained 
much the same throughout the ages, but new 
sophisticated machinery and technology 
have helped streamline and increase the out¬ 
put of wine. Whether such advances have 
enhanced the quality of wine is, however, a 
subject of debate. These advances include a 
variety of mechanical harvesters, grape 
crushers, temperature-controlled tanks, and 
centrifuges. 

The procedures involved in creating wine are 
often times dictated by the grape and the 
amount and type of wine being produced. 
Recipes for certain types of wine require the 
winemaker (the vintner) to monitor and regu¬ 
late the amount of yeast, the fermentation 
process, and other steps of the process. While 
the manufacturing process is highly auto¬ 


mated in medium- to large-sized wineries, 
small wineries still use hand operated presses 
and store wine in musty wine cellars. 

A universal factor in the production of fine 
wine is timing. This includes picking grapes 
at the right time, removing the must at the 
right time, monitoring and regulating fer¬ 
mentation, and storing the wine long enough. 

The wine-making process can be divided into 
four distinct steps: harvesting and crushing 
grapes; fermenting must; ageing the wine; 
and packaging. 

Harvesting and crushing grapes 

I Vineyardists inspect sample clusters of 
wine grapes with a refractometer to deter¬ 
mine if the grapes are ready to be picked. The 
refractometer is a small, hand-held device 
(the size of a miniature telescope) that allows 
the vineyardist to accurately check the 
amount of sugar in the grapes. 

2 If the grapes are ready for picking, a 
mechanical harvester (usually a suction 
picker) gathers and funnels the grapes into a 
field hopper, or mobile storage container. 
Some mechanical harvesters have grape 
crushers mounted on the machinery, allow¬ 
ing vineyard workers to gather grapes and 
press them at the same time. The result is 
that vineyards can deliver newly crushed 
grapes, called must, to wineries, eliminating 
the need for crushing at the winery. This also 
prevents oxidization of the juice through 
tears or splits in the grapes’ skins. 

Mechanical harvesters, or, in some cases, 
robots, are now used in most medium to 
large vineyards, thereby eliminating the need 
for hand-picking. First used in California 
vineyards in 1968, mechanical harvesters 
have significantly decreased the time it takes 
to gather grapes. The harvesters have also 
allowed grapes to be gathered at night when 
they are cool, fresh, and ripe. 

3 The field hoppers are transported to the 
winery where they are unloaded into a 
crusher-stemmer machine. Some crusher- 
stemmer machines are hydraulic while others 
are driven by air pressure. 

The grapes are crushed and the stems are 
removed, leaving liquid must that flows 
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either into a stainless steel fermentation tank 
or a wooden vat (for fine wines). 

Fermenting the must 

4 For white wine, all the grape skins are 
separated from the “must” by filters or 
centrifuges before the must undergoes fer¬ 
mentation. For red wine, the whole crushed 
grape, including the skin, goes into the fer¬ 
mentation tank or vat. (The pigment in the 
grape skins give red wine its color. The 
amount of time the skins are left in the tank 
or vat determines how dark or light the color 
will be. For rose, the skins only stay in the 
tank or vat for a short time before they are 
filtered out.) 

During the fermentation process, wild 
yeast are fed into the tank or vat to turn 


the sugar in the must into alcohol. To add 
strength, varying degrees of yeast may be 
added. In addition, cane or beet sugar may be 
added to increase the alcoholic content. 
Adding sugar is call chaptalization. Usually 
chaptalization is done because the grapes 
have not received enough sun prior to har¬ 
vesting. The winemaker will use a handheld 
hydrometer to measure the sugar content in 
the tank or vat. The wine must ferments in 
the tank or vat for approximately seven to 
fourteen days, depending on the type of wine 
being produced. 

Ageing the wine 

6 After crushing and fermentation, wine 
needs to be stored, filtered, and properly 
aged. In some instances, the wine must also be 
blended with other alcohol. Many wineries 



Once at the winery, the grapes are 
crushed if necessary, and the must 
is fermented, settled, clarified, and 
filtered. After filtering, the wine is 
aged in stainless steel tanks or 
wooden vats. White and rose wines 
may age for a year to four years, or 
far less than a year. Red wines may 
age for seven to ten years. Most 
large wineries age their wine in 
large temperature-controlled stain¬ 
less steel tanks that are above 
ground, while smaller wineries may 
still store their wine in wooden bar¬ 
rels in damp wine cellars. 
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still store wine in damp, subterranean wine 
cellars to keep the wine cool, but larger winer¬ 
ies now store wine above ground in epoxy- 
lined and stainless steel tanks. The tanks are 
temperature-controlled by water that circu¬ 
lates inside the lining of the tank shell. Other 
similar tanks are used instead of the old red¬ 
wood and concrete vats when wine is tem¬ 
porarily stored during the settling process. 

After fermentation, certain wines (mainly red 
wine) will be crushed again and pumped into 
another fermentation tank where the wine 
will ferment again for approximately three to 
seven days. This is done not only to extend 
the wine’s shelf life but also to ensure clarity 
and color stability. 

The wine is then pumped into settling (“rack¬ 
ing”) tanks or vats. The wine will remain in 
the tank for one to two months. Typically, 
racking is done at 50 to 60 degrees 
Fahrenheit (10 to 16 degrees Celsius) for red 
wine, and 32 degrees Fahrenheit (0 degrees 
Celsius) for white wine. 

7 After the initial settling (racking) process, 
certain wines are pumped into another 
settling tank or vat where the wine remains 
for another two to three months. During set¬ 
tling the weighty unwanted debris (remaining 
stem pieces, etc.) settle to the bottom of the 
tank and are eliminated when the wine is 
pumped into another tank. The settling 
process creates smoother wine. Additional 
settling may be necessary for certain wines. 

8 After the settling process, the wine passes 
through a number of filters or centrifuges 
where the wine is stored at low temperatures 
or where clarifying substances trickle through 
the wine. 

9 After various filtering processes, the wine 
is aged in stainless steel tanks or wooden 
vats. White and rose wines may age for a year 
to four years, or far less than a year. Red 
wines may age for seven to ten years. Most 
large wineries age their wine in large temper¬ 
ature-controlled stainless steel tanks that are 
above ground, while smaller wineries may 
still store their wine in wooden barrels in 
damp wine cellars. 

The wine is then filtered one last time 
to remove unwanted sediment. 


The wine is now ready to be bottled, corked, 
sealed, crated, labeled, and shipped to dis¬ 
tributors. 

Packaging 

Most medium- to large-sized wineries 
now use automated bottling machines, 
and most moderately priced and expensive 
wine bottles have corks made of a special 
oak. The corks are covered with a peel-off 
aluminum foil or plastic seal. Cheaper wines 
have an aluminum screw-off cap or plastic 
stopper. The corks and screw caps keep the 
air from spoiling the wine. Wine is usually 
shipped in wooden crates, though cheaper 
wines may be packaged in cardboard. 

Quality Control 

All facets of wine production must be care¬ 
fully controlled to create a quality wine. 
Such variables as the speed with which har¬ 
vested grapes are crushed; the temperature 
and timing during both fermentation and age¬ 
ing; the percent of sugar and acid in the har¬ 
vested grapes; and the amount of sulfur 
dioxide added during fermentation all have a 
tremendous impact on the quality of the fin¬ 
ished wine. 

Where To Learn More 

Books 

Adams, Leon. The Wines of America. 
McGraw Hill, 1978. 

Anderson, Stanley F. Winemaking. Harcourt 
Brace & Company, 1989. 

Churchill, Creighton. The World of Wines. 
Collier Books, 1980. 

Farkas, J. The Technology & Biochemistry of 
Wine. Gordon & Breach Science Publishers, 
Inc., 1988. 

Hazelton, Nika. American Wines. Grosset 
Good Life Books, 1976. 

Johnson, Hugh. The Vintner’s Art: How Great 
Wines are Made. Simon & Schuster Trade, 
1992. 

McGee, Harold. On Food and Cooking. 
Collier Books, 1984. 
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Ough, Cornelius S. Winemaking Basics. 
Haworth Press, Inc., 1992. 

Rainbird, George. An Illustrated Guide to 
Wine. Harmony Books, 1983. 

Zaneilli, Leo. Beer and Wine Making Ill¬ 
ustrated Dictionary. A. S. Barnes & 
Company, 1978. 

Periodicals 

Asimov, Isaac. “The Legacy of Wine,” The 
Magazine of Fantasy and Science Fiction. 
July, 1991, p. 81. 


Merline, John W. “What’s in Wine? (Calling 
All Consumers),” Consumers’ Research 
Magazine. November 1986, p. 38. 

Oliver, Laure. “Fermenting Wine the Natural 
Way,” The Wine Spectator. October 31, 
1992, p. 9. 

Robinson, Jancis. “Spreading the Gospel of 
Oak,” The Wine Spectator. August 31, 1991, 

p. 20. 

Roby, Norm. “Getting Back to Nature,” The 
Wine Spectator. October 15, 1990, p. 22. 

—Greg Ling 
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As Britain began to 
prosper, it sought to 
enhance its position by 
enacting laws and 
embargoes that would 
stimulate its domestic 
production of wool. Some 
laws, for example, 
required that judges, 
professors, and students 
wear robes made of 
English wool. Another law 
required that the dead be 
buried in native wool. 


Background 

As with many discoveries of early man, 
anthropologists believe the use of wool came 
out of the challenge to survive. In seeking 
means of protection and warmth, humans in 
the Neolithic Age wore animal pelts as cloth¬ 
ing. Finding the pelts not only warm and 
comfortable but also durable, they soon 
began to develop the basic processes and 
primitive tools for making wool. By 4000 
B.c., Babylonians were wearing clothing of 
crudely woven fabric. 

People soon began to develop and maintain 
herds of wool-bearing animals. The wool of 
sheep was soon recognized as one of the 
most practical to use. During the eleventh 
and twelfth centuries, wool trade prospered. 
The English had become proficient in the 
raising of sheep, while the Flemish had 
developed the skills for processing. As a 
result, the British began to sell their wool to 
the Flemish, who processed the raw material 
and then sold it back to the English. 

The ambitious British soon realized the 
advantages of both producing and processing 
their own wool. As Britain began to prosper, 
it sought to enhance its position by enacting 
laws and embargoes that would stimulate its 
domestic production. Some laws, for exam¬ 
ple, required that judges, professors, and stu¬ 
dents wear robes made of English wool. 
Another law required that the dead be buried 
in native wool. When the American colonies 
began to compete with the motherland, the 
English passed a series of laws in an attempt 
to protect their “golden fleece.” One law 
even threatened the amputation of the hand 
of any colonist caught trying to improve the 
blood line of American sheep. 


Today, wool is a global industry, with 
Australia, Argentina, the United States, and 
New Zealand serving as the major suppliers 
of raw wool. While the United States is the 
largest consumer of wool fabric, Australia is 
the leading supplier. Australian wool 
accounts for approximately one-fourth of the 
world’s production. 

What for centuries was a small home-based 
craft has grown into a major industry. The 
annual global output is now estimated at 5.5 
billion pounds. Though cotton is the number 
one plant used for fabrics and the number 
one fiber overall, the number one source for 
animal fiber is still wool. 

Raw Materials 

While most people picture only sheep when 
they think of wool, other animals also pro¬ 
duce fine protein fiber. Various camels, 
goats, and rabbits produce hair that is also 
classified as wool. 

In scientific terms, wool is considered to be a 
protein called keratin. Its length usually 
ranges from 1.5 to 15 inches (3.8 to 38 cen¬ 
timeters) depending on the breed of sheep. 
Each piece is made up of three essential com¬ 
ponents: the cuticle, the cortex, and the 
medulla. 

The cuticle is the outer layer. It is a protec¬ 
tive layer of scales arranged like shingles or 
fish scales. When two fibers come in contact 
with each other, these scales tend to cling and 
stick to each other. It’s this physical clinging 
and sticking that allows wool fibers to be 
spun into thread so easily. 

The cortex is the inner structure made up of 
millions of cigar-shaped cortical cells. In 
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natural-colored wool, these cells contain 
melanin. The arrangement of these cells is 
also responsible for the natural crimp unique 
to wool fiber. 

Rarely found in fine wools, the medulla com¬ 
prises a series of cells (similar to honey¬ 
combs) that provide air spaces, giving wool 
its thermal insulation value. Wool, like resi¬ 
dential insulation, is effective in reducing 
heat transfer. 

Wool fiber is hydrophilic—it has a strong 
affinity for water—and therefore is easily 
dyed. While it is a good insulator, it scorches 
and discolors under high temperatures. Each 
fiber is elastic to an extent, allowing it to be 
stretched 25 to 30 percent before breaking. 
Wool does, however, have a tendency to 
shrink when wet. 

Design 

While some of the characteristics of wool can 
be altered through genetic engineering of 
sheep, most of the modifications of design are 
implemented during the manufacturing of the 
fabric. Wool can be blended with any num¬ 
ber of natural or synthetic fibers, and various 
finishes and treatments can also be applied. 

Different types of fleece are used in producing 
wool. Lambs’ wool is fleece that is taken from 
young sheep before the age of eight months. 
Because the fiber has not been cut, it has a nat¬ 
ural, tapered end that gives it a softer feel. 
Pulled wool is taken from animals originally 
slaughtered for meat and is pulled from the 
pelt using various chemicals. The fibers of 
pulled wool are of low quality and produce a 
low-grade cloth. Virgin wool is wool that has 
never been processed in any manner before it 
goes into the manufacturing phase. This term 
is often misunderstood to mean higher quality, 
which is not necessarily the case. 

These wools and others can be used in the 
production of two categories of woolen fab¬ 
rics: woolens and worsteds. Woolens are 
made up of short, curly fibers that tend to be 
uneven and weak. They are loosely woven in 
plain or indistinct patterns. Usually woolens 
have a low thread count and are not as 
durable as worsteds. They do, however, 
make soft, fuzzy, and thick fabrics that are 
generally warmer than their counterparts. 


T he mechanization of the woolen cloth industry provides o heady example 
of the extent of nineteenifxentory Industrial change. Every step of the 
process, except shearing the shoep and sorting the wool into different 
grades, was mechanized between 1790 and 1B90 Only the organic 
aspecr-. o* shearing live animals and the value judgments required of human 
sorters resisted mechanical isplication unhl the twentieth century, 

Growth of the American woolen trade was bused an more than mechanical 
change, however In the seventeenth and eighteenth centuries, American 
sheep provided wool that was quite satisfactory for 'homespun,'' the rough, 
duruble cloth woven by hand on looms owned by professional weaveis who 
set up shop or moved from town to town with their looms But domestic cloth 
was overshadowed in quality by imported material, 

Several varieties of sheep bred in England and Europe produced wool vastly 
superior in quality to Americon-produced wool The importation ol breeds 
such as the English Southdowns and Spanish Merinos improved domestic 
quality and allowed the American woolen industry hi compete with the best 
imports. 

The Merino sheep, in particular with their deeply wrinkled folds producing 
large quantit-es of wool, caused a stir among American farmers in the early 
part of the century A few "gentlemen farmers’' avoided Spanish export 
restrictions and imported some Metinos. As wool prices rose during the 
embargo of 1007, a 'Merino croze" occurred that pushed the price of fine 
wool ond purebred animals to record levels Then, in 1B10, an American 
diplomat arranged the importation of 20,000 purebred Merinos, and the 
woolen industry from Vermont to Pennsylvania to Ohio was changed farovnr 

Wrtlioin S Pteltei 


Worsted fabrics are made of long, straight 
fibers with considerable tensile strength. 
They are usually woven in twill patterns and 
have a high thread count. The finish tends to 
be hard, rough, and flat. Also, the insulation 
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Wool manufacture begins with 
shearing the sheep. After grading 
and sorting, the fleece is scoured in 
a series of alkaline baths containing 
water, soap, and soda ash or a 
similar alkali. This process removes 
sand, dirt, grease, and dried sweat 
from the fleece. 

Next, the fleece is carded—passed 
through a series of metal teeth that 
straighten and blend the threads 
into slivers. Carding also removes 
residual dirt and other matter left in 
the fibers. 


value is normally not as high as woolens. 
Worsted fabrics also tend to be more expen¬ 
sive than woolens. 

The Manufacturing 
Process 

The major steps necessary to process wool 
from the sheep to the fabric are: shearing, 
cleaning and scouring, grading and sorting, 
carding, spinning, weaving, and finishing. 

Shearing 

1 Sheep are sheared once a year—usually in 
the springtime. A veteran shearer can 
shear up to two hundred sheep per day. The 
fleece recovered from a sheep can weigh 
between 6 and 18 pounds (2.7 and 8.1 kilo¬ 
grams); as much as possible, the fleece is kept 
in one piece. While most sheep are still 
sheared by hand, new technologies have been 


developed that use computers and sensitive, 
robot-controlled arms to do the clipping. 

Grading and sorting 

2 Grading is the breaking up of the fleece 
based on overall quality. In sorting, the 
wool is broken up into sections of different 
quality fibers, from different parts of the 
body. The best quality of wool comes from 
the shoulders and sides of the sheep and is 
used for clothing; the lesser quality comes 
from the lower legs and is used to make rugs. 
In wool grading, high quality does not 
always mean high durability. 

Cleaning and scouring 

3 Wool taken directly from the sheep is 
called “raw” or “grease wool.” It con¬ 
tains sand, dirt, grease, and dried sweat 
(called suint); the weight of contaminants 
accounts for about 30 to 70 percent of the 
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After being carded, tbe wool fibers 
are spun into yarn. Spinning for 
woolen yams is typically done on a 
mule spinning machine, while 
worsted yarns can be spun on any 
number of spinning machines. After 
the yarn is spun, it is wrapped 
around bobbins, cones, or commer¬ 
cial drums. 


fleece’s total weight. To remove these conta¬ 
minants, the wool is scoured in a series of 
alkaline baths containing water, soap, and 
soda ash or a similar alkali. The byproducts 
from this process (such as lanolin) are saved 
and used in a variety of household products. 
Rollers in the scouring machines squeeze 
excess water from the fleece, but the fleece is 
not allowed to dry completely. Following 
this process, the wool is often treated with oil 
to give it increased manageability. 

Carding 

Next, the fibers are passed through a 
series of metal teeth that straighten and 
blend them into slivers. Carding also 
removes residual dirt and other matter left in 
the fibers. Carded wool intended for worsted 
yam is put through gilling and combing, two 
procedures that remove short fibers and place 
the longer fibers parallel to each other. From 
there, the sleeker slivers are compacted and 
thinned through a process called drawing. 
Carded wool to be used for woolen yam is 
sent directly for spinning. 

Spinning 

Thread is formed by spinning the fibers 
together to form one strand of yam; the 
strand is spun with two, three, or four other 
strands. Since the fibers cling and stick to 
one another, it is fairly easy to join, extend, 
and spin wool into yam. Spinning for woolen 
yams is typically done on a mule spinning 
machine, while worsted yams can be spun on 
any number of spinning machines. After the 
yam is spun, it is wrapped around bobbins, 
cones, or commercial drams. 


Weaving 

6 Next, the wool yam is woven into fabric. 

Wool manufacturers use two basic 
weaves: the plain weave and the twill. 
Woolen yams are made into fabric using a 
plain weave (rarely a twill), which produces a 
fabric of a somewhat looser weave and a soft 
surface (due to napping) with little or no lus¬ 
ter. The napping often conceals flaws in con¬ 
struction. 

Worsted yams can create fine fabrics with 
exquisite patterns using a twill weave. The 
result is a more tightly woven, smooth fabric. 
Better constructed, worsteds are more 
durable than woolens and therefore more 
costly. 

Finishing 

7 After weaving, both worsteds and 
woolens undergo a series of finishing 
procedures including: fulling (immersing the 
fabric in water to make the fibers interlock); 
crabbing (permanently setting the interlock); 
decating (shrink-proofing); and, occasion¬ 
ally, dyeing. Although wool fibers can be 
dyed before the carding process, dyeing can 
also be done after the wool has been woven 
into fabric. 

Byproducts 

The use of waste is very important to the 
wool industry. Attention to this aspect of the 
business has a direct impact on profits. 
These wastes are grouped into four classes: 
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WEAVING 



The spun wool yarn is woven info 
fabric using two basic weaves: the 
plain weave and the twill weave. 
Woolen yarns are made into fabric 
using a plain weave (rarely a twill), 
which produces a fabric of a some¬ 
what looser weave and a soft sur¬ 
face (due to napping) with little or 
no luster. The napping often con¬ 
ceals flaws in construction. 

Worsted yams can create fine fab¬ 
rics with exquisite patterns using a 
twill weave. The result is a more 
tightly woven, smooth fabric. Better 
constructed, worsteds are more 
durable than woolens and therefore 
more costly. 


• Noils. These are the short fibers that are 
separated from the long wool in the comb¬ 
ing process. Because of their excellent 
condition, they are equal in quality to vir¬ 
gin wool. They constitute one of the major 
sources of waste in the industry and are 
reused in high-quality products. 

• Soft waste. This is also high-quality mater¬ 
ial that falls out during the spinning and 
carding stages of production. This mater¬ 
ial is usually reintroduced into the process 
from which it came. 

• Hard waste. These wastes are generated by 
spinning, twisting, winding, and warping. 
This material requires much re-processing 
and is therefore considered to be of lesser 
value. 

• Finishing waste. This category includes a 
wide variety of clippings, short ends, sam¬ 
ple runs, and defects. Since this material is 
so varied, it requires a great deal of sorting 
and cleaning to retrieve that which is 
usable. Consequently, this material is the 
lowest grade of waste. 

Quality Control 

Most of the quality control in the production 

of wool fabrics is done by sight, feel, and 


measurement. Loose threads are removed 
with tweezer-like instruments called burling 
irons ; knots are pushed to the back of the 
cloth; and other specks and minor flaws are 
taken care of before fabrics go through any 
of the finishing procedures. 

In 1941, the United States Congress passed 
the Wool Products Labeling Act. The pur¬ 
pose of this act was to protect producers and 
consumers from the unrevealed presence of 
substitutes and mixtures in wool products. 
This law required that all products containing 
wool (with the exception of upholstery and 
floor coverings) must carry a label stating the 
content and percentages of the materials in 
the fabric. 

This act also legally defined many terms that 
would standardized their use within the 
industry. Some of the key terms identified in 
the Act are: 

• Wool. Refers to new wool. Can also 
include new fiber reclaimed from scraps 
and broken threads. 

• Repossessed Wool. Material that is 
obtained from scraps and clips of new 
woven or felted fabrics made of previously 
unused wool. 
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• Reused Wool. Wool obtained from old 
clothing and rags that have been used or 
worn. 

The Future 

The current widespread use and demand for 
wool is so great that there is little doubt that 
wool will continue to maintain its position of 
importance in the fabric industry. Only a 
major innovation that encompasses the many 
attributes of wool—including it warmth, 
durability, and value—could threaten the 
prominence of this natural fiber. 

Where To Learn More 

Books 

Botkin, M. P. Sheep and Wool: Science, 
Production, and Management. Prentice Hall, 
1988. 


Corbman, Bernard P. Textiles: Fiber to 
Fabric, 6th ed. McGraw-Hill, 1983. 

Ensiminger, Eugene. Sheep and Wool 
Science. Interstate Printers, 1970. 

Periodicals 

Hyde, Nina. “Fabric of History: Wool,” 
National Geographic. May, 1988, p. 552. 

Ryder, Michael L. “The Evolution of the 
Reece,” Scientific American. January, 1987, 

p. 112. 

—Dan Pepper 
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Zippers for the general 
public were not produced 
until the 1920s, when B. 
F. Goodrich requested 
some for use in its 
company galoshes. It was 
Goodrich's president, 
Bertram G. Work, who 
came up with the word 
zipper, but he wanted it to 
refer to the boots 
themselves, and not the 
device that fastened them, 
which he felt was more 
properly called a slide 
fastener. 


Zipper 


Background 

Fasteners have come a long way since the 
early bone or horn pins and bone splinters. 
Many devices were designed later that were 
more efficient; such fasteners included buck¬ 
les, laces, safety pins, and buttons. Buttons 
with buttonholes, while still an important 
practical method of closure even today, had 
their difficulties. Zippers were first con¬ 
ceived to replace the irritating nineteenth 
century practice of having to button up to 
forty tiny buttons on each shoe of the time. 

In 1851, Elias Howe, the inventor of the 
sewing machine, developed what he called 
an automatic continuous clothing closure. It 
consisted of a series of clasps united by a 
connecting cord running or sliding upon ribs. 
Despite the potential of this ingenious break¬ 
through, the invention was never marketed. 

Another inventor, Whitcomb L. Judson, came 
up with the idea of a slide fastener, which he 
patented in 1893. Judson’s mechanism was 
an arrangement of hooks and eyes with a slide 
clasp that would connect them. After Judson 
displayed the new clasp lockers at the 1893 
World’s Columbian Exposition in Chicago, 
he obtained financial backing from Lewis 
Walker, and together they founded the 
Universal Fastener Company in 1894. 

The first zippers were not much of an 
improvement over simpler buttons, and inno¬ 
vations came slowly over the next decade. 
Judson invented a zipper that would part com¬ 
pletely (like the zippers found on today’s jack¬ 
ets), and he discovered it was better to clamp 
the teeth directly onto a cloth tape that could 
be sewn into a garment, rather than have the 
teeth themselves sewn into the garment. 


Zippers were still subject to popping open 
and sticking as late as 1906, when Otto 
Frederick Gideon Sundback joined Judson’s 
company, then called the Automatic Hook 
and Eye Company. His patent for Plako in 
1913 is considered to be the beginning of the 
modern zipper. His “Hookless Number 
One,” a device in which jaws clamped down 
on beads, was quickly replaced by “Hookless 
Number Two”, which was very similar to 
modem zippers. Nested, cup-shaped teeth 
formed the best zipper to date, and a machine 
that could stamp out the metal in one process 
made marketing the new fastener feasible. 

The first zippers were introduced for use in 
World War I as fasteners for soldiers’ money 
belts, flying suits, and life-vests. Because of 
war shortages, Sundback developed a new 
machine that used only about 40 percent of 
the metal required by older machines. 

Zippers for the general public were not pro¬ 
duced until the 1920s, when B. F. Goodrich 
requested some for use in its company 
galoshes. It was Goodrich's president, 
Bertram G. Work, who came up with the 
word zipper, but he wanted it to refer to the 
boots themselves, and not the device that fas¬ 
tened them, which he felt was more properly 
called a slide fastener. 

The next change zippers underwent was also 
precipitated by a war—World War II. 
Zipper factories in Germany had been 
destroyed, and metal was scarce. A West 
German company, Opti-Werk GmbH, began 
research into new plastics, and this research 
resulted in numerous patents. J. R. Ruhrman 
and his associates were granted a German 
patent for developing a plastic ladder chain. 
Alden W. Hanson, in 1940, devised a method 
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A stringer consists of the tope (or 
cloth) and teeth that make up one 
side of the zipper. One method of 
making the stringer entails passing 
a flattened strip of wire between a 
heading punch and a pocket punch 
to form scoops. A blanking punch 
cuts around the scoops to form a Y 
shape. The legs of the Y are then 
clamped around the cloth tape. 


that allowed a plastic coil to be sewn into the 
zipper’s cloth. This was followed by a 
notched plastic wire, developed indepen- 
dendy by A. Gerbach and the firm William 
Prym-Wencie, that could actually be woven 
into the cloth. 

After a slow start, it was not long before zip¬ 
per sales soared. In 1917, 24,000 zippers 
were sold; in 1934, the number had risen to 
60 million. Today zippers are easily pro¬ 
duced and sold in the billions, for everything 
from blue jeans to sleeping bags. 

Raw Materials 

The basic elements of a zipper are: the 
stringer (the tape and teeth assembly that 
makes up one side of a zipper); the slider 
(opens and closes the zipper); a tab (pulled to 
move the slider); and stops (prevent the 
slider from leaving the chain). A separating 
zipper, instead of a bottom stop that connects 
the stringers, has two devices—a box and a 
pin—that function as stops when put 
together. 

Metal zipper hardware can be made of stain¬ 
less steel, aluminum, brass, zinc, or a nickel- 
silver alloy. Sometimes a steel zipper will be 
coated with brass or zinc, or it might be 
painted to match the color of the cloth tape or 
garment. Zippers with plastic hardware are 
made from polyester or nylon, while the 
slider and pull tab are usually made from 


steel or zinc. The cloth tapes are either made 
from cotton, polyester, or a blend of both. 
For zippers that open on both ends, the ends 
are not usually sewn into a garment, so that 
they are hidden as they are when a zipper is 
made to open at only one end. These zippers 
are strengthened using a strong cotton tape 
(that has been reinforced with nylon) applied 
to the ends to prevent fraying. 

The Manufacturing 
Process 

Today’s zippers comprise key components 
of either metal or plastic. Beyond this one 
very important difference, the steps involved 
in producing the finished product are essen¬ 
tially the same. 

Making stringers—metal zippers 

1 A stringer consists of the tape (or cloth) 
and teeth that make up one side of the zip¬ 
per. The oldest process for making the 
stringers for a metal zipper is that process 
invented by Otto Sundback in 1923. A round 
wire is sent through a rolling mill, shaping it 
into a Y-shape. This wire is then sliced to 
form a tooth whose width is appropriate for 
the type of zipper desired. The tooth is then 
put into a slot on a rotating turntable to be 
punched into the shape of a scoop by a die. 
The turntable is rotated 90 degrees, and 
another tooth is fed into the slot. After 
another 90 degrees turn, the first tooth is 
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To make the stringer for a spiral 
plastic zipper, a round plastic wire 
is notched and then fed between 
two heated screws. These screws, 
one rotating clockwise, the other 
counterclockwise, pull the plastic 
wire out to form loops. A head 
maker at the front of each loop then 
forms it into a round knob. This 
method requires that a left spiral 
and right spiral be made simultane¬ 
ously on two separate machines so 
that the chains will match up on a 
finished zipper. 



clamped onto the cloth tape. The tape must 
be raised slightly over twice the thickness of 
the scoop—the cupped tooth—after clamp¬ 
ing to allow room for the opposite tooth on 
the completed zipper. A slow and tedious 
process, its popularity has waned. 

Another similar method originated in the 
1940s. This entails a flattened strip of wire 
passing between a heading punch and a 
pocket punch to form scoops. A blanking 
punch cuts around the scoops to form a Y 
shape. The legs of the Y are then clamped 
around the cloth tape. This method proved to 
be faster and more effective than Sundback’s 
original. 

2 Yet another method, developed in the 
1930s, uses molten metal to form teeth. 
A mold, shaped like a chain of teeth, is 
clamped around the cloth tape. Molten zinc 
under pressure is then injected into the mold. 
Water cools the mold, which then releases 
the shaped teeth. Any residue is trimmed. 


Making stringers—plastic zippers 

3 Plastic zippers can be spiral, toothed, lad¬ 
der, or woven directly into the fabric. 
Two methods are used to make the stringers 
for a spiral plastic zipper. The first involves 
notching a round plastic wire before feeding 
it between two heated screws. These screws, 
one rotating clockwise, the other counter¬ 
clockwise, pull the plastic wire out to form 
loops. A head maker at the front of each loop 
then forms it into a round knob. Next, the 
plastic spiral is cooled with air. This method 
requires that a left spiral and right spiral be 
made simultaneously on two separate 
machines so that the chains will match up on 
a finished zipper. 

The second method for spiral plastic zippers 
makes both the left and right spiral simulta¬ 
neously on one machine. A piece of wire is 
looped twice between notches on a rotating 
forming wheel. A pusher and head maker 
simultaneously press the plastic wires firmly 
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into the notches and form the heads. This 
process makes two chains that are already 
linked together to be sewn onto two cloth 
tapes. 

To make the stringers for a toothed plas¬ 
tic zipper, a molding process is used that 
is similar to the metal process described in 
step #2 above. A rotating wheel has on its 
edge several small molds that are shaped like 
flattened teeth. Two cords run through the 
molds to connect the finished teeth together. 
Semi-molten plastic is fed into the mold, 
where it is held until it solidifies. A folding 
machine bends the teeth into a U-shape that 
can be sewn onto a cloth tape. 

The stringers for a ladder plastic zipper 
are made by winding a plastic wire onto 
alternating spools that protrude from the 
edge of a rotating forming wheel. Strippers 
on each side lift the loops off the spools 
while a heading and notching wheel simulta¬ 
neously presses the loops into a U shape and 
forms heads on the teeth, which are then 
sewn onto the cloth tape. 

Superior garment zippers can be made by 
weaving the plastic wire directly into the 
cloth, using the same method as is used in 
cloth weaving. This method is not common 
in the United States, but such zippers are fre¬ 
quently imported. 

Completing the manufacturing 
process 

7 Once the individual stringers have been 
made, they are first joined together with a 
temporary device similar to a slider. They 
are then pressed, and, in the case of metal 
zippers, wire brushes scrub down sharp 
edges. The tapes are then starched, wrung 
out, and dried. Metal zippers are then waxed 
for smooth operation, and both types are 
rolled onto huge spools to be formed later 
into complete zippers. 

8 The slider and pull tab are assembled 
separately after being stamped or die-cast 
from metal. The continuous zipper tape is 
then unrolled from its spool and its teeth are 
removed at intervals, leaving spaces that sur¬ 
round smaller chains. For zippers that only 
open on one end, the bottom stop is first 
clamped on, and then the slider is threaded 



onto the chain. Next, the top stops are 
clamped on, and the gaps between lengths of 
teeth are cut at midpoint. For zippers that 
separate, the midpoint of each gap is coated 
with reinforcing tape, and the top stops are 
clamped on. The tape is then sliced to sepa¬ 
rate the strips of chain again. The slider and 
the box are then slipped onto one chain, and 
the pin is slipped onto the other. 

9 Finished zippers are stacked, placed in 
boxes, and trucked to clothing manufac¬ 
turers, luggage manufacturers, or any of the 
other manufacturers that rely on zippers. 
Some are also shipped to department stores 
or fabric shops for direct purchase by the 
consumer. 

Quality Control 

Zippers, despite their numbers and practi¬ 
cally worry-free use, are complicated devices 
that rely on a smooth, almost perfect linkage 
of tiny cupped teeth. Because they are usu¬ 
ally designed to be fasteners for garments, 
they must also undergo a series of tests simi- 





The basic elements of a zipper are 
the stringer {the tape and teeth 
assembly that makes up one side of 
a zipper); the slider (opens and 
closes the zipper); a tab (pulled to 
move the slider); and stops (prevent 
the slider from leaving the chain). 
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lar to those for clothing that undergo frequent 
laundering and wear. 

A smoothly functioning zipper every time is 
the goal of zipper manufacturers, and such 
reliability is necessarily dependent on toler¬ 
ances. Every dimension of a zipper—its 
width, length, tape end lengths, teeth dimen¬ 
sions, length of chain, slide dimensions, and 
stop lengths, to name a few—is subject to 
scrutiny that ascertains that values fall within 
an acceptable range. Samplers use statistical 
analysis to check the range of a batch of zip¬ 
pers. Generally, the dimensions of the zipper 
must be within 90 percent of the desired 
length, though in most cases it is closer to 99 
percent. 

A zipper is tested for flatness and straight¬ 
ness. Flatness is measured by passing a 
gauge set at a certain height over it; if the 
gauge touches the zipper several times, the 
zipper is defective. To measure straightness, 
the zipper is laid across a straight edge and 
scrutinized for any curving. 

Zipper strength is important. This means that 
the teeth should not come off easily, nor 
should the zipper be easy to break. To test for 
strength, a tensile testing machine is attached 
by a hook to a tooth. The machine is then 
pulled, and a gauge measures at what force 
the tooth separates from the cloth. These 
same tensile testing machines are used to test 
the strength of the entire zipper. A machine is 
attached to each cloth tape, then pulled. The 
force required to pull the zipper completely 
apart into two separate pieces is measured. 
Acceptable strength values are determined 
according to what type of zipper is being 
made: a heavy-duty zipper will require 
higher values than a lightweight one. Zippers 
are also compressed to see when they break. 

To measure a zipper for ease of zipping, a 
tensile testing machine measures the force 
needed to zip it up and down. For garments, 
this value should be quite low, so that the 
average person can zip with ease and so that 
the garment material does not tear. For other 
purposes, such as mattress covers, the force 
can be higher. 


A finished sample zipper must meet textile 
quality controls. It is tested for laundering 
durability by being washed in a small amount 
of hot water, a significant amount of bleach, 
and abrasives to simulate many washings. 
Zippers are also agitated with small steel 
balls to test the zipper coating for abrasion. 

The cloth of the zipper tapes must be color- 
fast for the care instructions of the garment. 
For example, if the garment is to be dry 
cleaned only, its zipper must be colorfast 
during dry cleaning. 

Shrinkage is also tested. Two marks are 
made on the cloth tape. After the zipper is 
heated or washed, the change in length 
between the two marks is measured. 
Heavyweight zippers should have no shrink¬ 
age. A lightweight zipper should have a one 
to four percent shrinkage rate. 

Where To Learn More 

Books 

Petroski, Henry. The Evolution of Useful 
Things. Knopf, 1992. 

Zipper! An Exploration in Novelty. W. W. 
Norton & Co., Inc., 1994. 

Periodicals 

Berendt, John. “The Zipper,” Esquire. May, 
1989, p. 42. 

G.etchell, Dave. “Zip It Up: How to Care For 
and Repair Zippers,” Backpacker. May, 
1993, p. 94. 

Kraar, Louis. “Japanese Pick Up U.S. Ideas,” 
Fortune , Spring-Summer, 1991, p. 66. 

“Zip,” The New Yorker. December 17, 1979, 
pp. 33-34. 

Weiner, Lewis. “The Slide Fastener,” 
Scientific American. June, 1983, pp. 132- 
144. 

—Rose Secrest 
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Background 

Zirconium, symbol Zr on the Periodic Table, 
is a metal most often found in and extracted 
from the silicate mineral zirconium silicate 
and the oxide mineral baddeleyite. In its var¬ 
ious compound forms, the grayish-white zir¬ 
conium is the nineteenth most plentiful 
element in the earth’s crust, where it is far 
more abundant than copper and lead. It 
belongs to the titanium family of metals, a 
group that also includes titanium and 
hafnium and that is favored in industry for its 
members’ good electrical conductivity as 
well as their tendency to form metallic salts. 
Because it is stable in many electron configu¬ 
rations and physical states, zirconium can be 
made into many products. However, since 
the 1940s, its most significant applications 
have been in various structural components 
of nuclear reactors. 

Zirconium was discovered by German 
chemist Martin Heinrich Klaproth, who first 
isolated an oxide of the mineral zircon in 
1789. The first metallic powder was produced 
in 1824 by a Swedish Chemist, Jons J. 
Berzelius. The forms of the metal that could 
be isolated during the nineteenth century, 
however, were impure and thus very brittle. 
The earliest method of purifying useable 
quantities of the metal was developed in 1925 
by Dutch chemists Anton E. van Arkel and J. 
H. de Boer, who invented a thermal iodide 
process by which they thermally decomposed 
zirconium tetraiodide. The drawback with 
van Arkel and de Boer’s method was its cost, 
but twenty years later William Justin Kroll of 
Luxembourg invented a cheaper process, 
using magnesium to break down zirconium 
tetrachloride. Relatively inexpensive, this 
process produced zirconium in quantities 
large and pure enough for industrial use. 


Since Kroll’s breakthrough, zirconium has 
become an important element in several 
industries: steel, iron, and nuclear power. It 
is used in the steel industry to remove nitro¬ 
gen and sulfur from iron, thereby enhancing 
the metallurgical quality of the steel. When 
added to iron to create an alloy, zirconium 
improves iron’s machinability, toughness, 
and ductility. Other common industrial 
applications of zirconium include the manu¬ 
facture of photoflash bulbs and surgical 
equipment, and the tanning of leather. 

Despite its ability to be used for many differ¬ 
ent industrial applications, most of the zirco¬ 
nium produced today is used in water-cooled 
nuclear reactors. Zirconium has strong corro¬ 
sion-resistance properties as well as the abil¬ 
ity to confine fission fragments and neutrons 
so that thermal or slow neutrons are not 
absorbed and wasted, thus improving the 
efficiency of the nuclear reactor. In fact, 
about 90 percent of the zirconium produced 
in 1989 was used in nuclear reactors, either 
in fuel containers or nuclear product casings. 

Raw Materials 

Of the two mineral forms in which zirconium 
occurs, zircon is by far the more important 
source. Found mainly in igneous rock, zircon 
also appears in the gravel and sand produced 
as igneous rock erodes. In this form, it is 
often mixed with silica, ilmenite, and rutile. 
The vast majority of the zircon used in indus¬ 
try today originates in these sand and gravel 
deposits, from which the purest zircon is 
extracted and refined to be used as zirconium 
metals. Less pure deposits are used in the 
form of stabilized zirconia for refractories 
and ceramic products. The world’s largest 
zircon mines are in Australia, South Africa, 


Most of the zirconium 
produced today is used in 
water-cooled nuclear 
reactors. Zirconium has 
strong corrosion-resistance 
properties and can 
improve the efficiency of a 
nuclear reactor. In fact, 
about 90 percent of the 
zirconium produced in 
1989 was used in nuclear 
reactors, either in fuel 
containers or nuclear 
product casings. 
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The sand and gravel that contain 
zircon are typically collected from 
coastal wafers by a floating dredge, 
a large steam shovel fitted on a 
floating barge. After the shovel has 
scooped up the gravel and sand, 
they are purified by means of spiral 
concentrators, and then unwanted 
material is removed by magnetic 
and electrostatic separators. 

End-product manufacturers of zir¬ 
con further refine the nearly pure 
zircon into zirconium by using chlo¬ 
rine to purify the metal and then sin¬ 
tering (heating) it until it becomes 
sufficiently workable for industrial 
use. Less-pure zircon is made into 
zirconia, an oxide of zirconium, by 
fusing the zircon with coke, iron 
borings, and lime until the silica is 
reduced to silicon that alloys with 
the iron. 


Dredging Sand 
and Gravel 


* 


Purifying in 
Spiral Concentrators 


* 


Separating Zircon from 
llmenite and Rutile 




Refining Zircon into 
Zirconium Metal or Zirconia 


and the United States, but rich beds also exist 
in Brazil, China, India, Russia, Italy, Norway, 
Thailand, Madagascar, and Canada. Like zir¬ 
con, baddeleyite is extracted from sand and 
gravel deposits. Unlike zircon, commercially 
viable baddeleyite deposits contain relatively 
high concentrations of zirconium oxide, and 
baddeleyite can thus be used without refining. 
The mineral is, however, much more scarce 
than zircon, with significant amounts occur¬ 
ring only in Brazil and Florida. 

Extraction and Refining 

Extracting zircon 

I The sand and gravel that contain zircon 
mixed with silicate, ilmenite, and rutile 
are typically collected from coastal waters by 
a floating dredge, a large steam shovel fitted 
on a floating barge. After the shovel has 
scooped up the gravel and sand, they are 
purified by means of spiral concentrators, 
which separate on the basis of density. The 
ilmenite and rutile are then removed by mag¬ 
netic and electrostatic separators. The purest 


concentrates of zircon are shipped to end- 
product manufacturers to be used in metal 
production, while less pure concentrations 
are used for refractories. 

Refining zircon 

2 End-product manufacturers of zircon 
further refine the nearly pure zircon into 
zirconium by using a reducing agent (usually 
chlorine) to purify the metal and then sinter¬ 
ing (heating) it until it becomes sufficiently 
ductile—workable—for industrial use. For 
small-scale laboratory use, zirconium metal 
may be produced by means of a chemical 
reaction in which chloride is used to reduce 
the zircon. 

3 The less-pure zircon is made into zirco¬ 
nia, an oxide of zirconium, by fusing the 
zircon with coke, iron borings, and lime until 
the silica is reduced to silicon that alloys with 
the iron. The zirconia is then stabilized by 
heating it to about 3,095 degrees Fahrenheit 
(1,700 degrees Celsius), with additions of 
lime and magnesia totalling about five per¬ 
cent. 

Refining baddeleyite 

4 As mentioned above, baddeleyite con¬ 
tains relatively high, pure concentrations 
of zirconium oxide that can be used without 
filtering or cleansing. The only refining 
process used on baddeleyite involves grind¬ 
ing the gravel or sand to a powder and sizing 
the powder with different sized sieves. All 
zirconium oxide that comes from baddeleyite 
is used for refractories and, increasingly, 
advanced ceramics. 

Quality Control 

The quality control methods implemented in 
the production of zirconium metal are typical 
Statistical Process Control (SPC) methods 
used in most metal production. These 
involve tracking and controlling specific 
variables determined by the end product 
requirements. Stringent government quality 
control is applied to all zirconium metal pro¬ 
duced for nuclear applications. These con¬ 
trols assure that the zirconium produced for 
use in a nuclear plant has been processed cor¬ 
rectly and also allow for accountability: pro¬ 
cessing is tracked so that it can be traced 
back to each individual step and location. 
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Quality control methods for zirconium used 
in refractory applications also focus on SPC. 
However, in the refractory industries, it is 
also necessary to ascertain the beach (and 
even what part of the beach) from which the 
zirconium mineral was extracted. 
Manufacturers need to know exactly where 
the zirconium came from because each 
source contains slightly different trace ele¬ 
ments, and different trace elements can affect 
the end product. 

Byproducts/Waste 

Silicate, ilmenite, and rutile—all byproducts 
of the zircon refining process—are typically 
dumped back in the water at the extraction 
site. These elements compose typical beach 
sand and are in no way detrimental to the 
environment. Magnesium chloride, the only 
other notable byproduct of zirconium manu¬ 
facturing, results from the reduction of the 
zircon with chlorine in the refining process 
and is typically sold to magnesium refineries. 
No byproducts or waste result from badde- 
leyite refining. 

The Future 

Many believe that the future of zirconium lies 
in its use as an advanced ceramic. Advanced 
ceramics—also called “fine,” “new,” “high- 
tech,” or “high-performance” ceramics—are 
generally used as components in processing 
equipment, devices, or machines because 
they can perform many functions better than 
competing metals or polymers. Zirconium is 
fairly hard, doesn’t conduct heat well, and is 
relatively inert (i.e., it doesn’t react readily 
with other elements), all excellent qualities 
for advanced ceramics. Zirconium oxide. 


manufactured as a ceramic, can be used to 
make crucibles for melting metals, gas tur¬ 
bines, liners for jet and rocket motor tubes, 
resistance furnaces, ultra-high frequency fur¬ 
naces, and refractories such as the facing of a 
high-temperature furnace wall. 

Where To Learn More 

Books 

Heuer, A. H., ed. Science and Technology of 
Zirconia. American Ceramic Society, 1981. 

Specifications for Zirconium and Zirconium 
Alloy Welding Electrodes and Rods. 
American Welding Society, 1990. 

Zirconium and Hafnium. Gordon Press 
Publishers, 1993. 

Periodicals 

Burke, Marshall A. “Ceramics Enter the 
Foundry,” Design News. June 16,1986, p. 56. 

“Fuel Cell’s Future Gets a Boost,” Design 
News. August 18, 1986, p. 38. 

“Zirconium,” Machine Design. April 14, 
1988, pp. 234-35. 

“Zirconium Holds Down Costs of Making 
Zirconium,” Metal Progress. November, 
1983, pp. 11-12. 

“Adding Strength to Glassy Ceramics,” 
Science News. September 13, 1986, p. 170. 

—Alicia Haley and Blaine Danley 
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